
Born a patrol bomber. Consolidated's amazing PBY 
has engaged in battle as fighter, torpedo and dive 
bomber! Little wonder the U. S. Navy has prolonged 
the sturdy breed with an order for hundreds more. 

In helping write this great saga. Twin Wasp 
engines are daily rolling up new records for de- 
pendability. 


PRATT & WHITNEY AIRCRAFT 


EAST HARTFORD, CONNECTICUT 

ONE OF THE FOUR DIVISIONS OF UNITED AIRCRAFT CORPORATION 
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DESIGN ANALYSIS OF 
THE BELL AIRACOBRA 

— a complete, detailed de- 
icription of design and struc- 
ral features of the famous 
ell P-39. 


A NATIONAL AVIATION 
POLICY 

— outlined by Ralph Damon, 
oresident of Republic Aircraft. 


ALCAN HIGHWAY 

>> a product of aviation from 
conception to completion. 


CONTRACT RENEGOTIATION 

how it effects the aviation 
industry. 


ELECTRIC POWER FROM 
AIRCRAFT ENGINES 

first complete discussion of 
he economics of harnessing 
'est stand power. 


OPPOSITE ROTATING 
PROPELLERS 

should they rotate inboard 
outboard? 


PRODUCTION EFFICIENCY 
— ^ow Consolidated increased 
its production rate. 


INSTRUMENT APPROACH 
BY RADIO D/F 
-technique described for vari- 
ous conditions. 
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SPEED NUTS are truly the commoodos of the assembly lines. 
They are tough — and fost in oction.They ore now being 
rushed into aircraft factories where they are vitally needed 
on the ossembly lines. 

Spring Steel SPEED NUTS ore opproved by the U. S. Army 
Air Forces and the Bureou of Aeronautics for most all non- 
structurol attachments. Conversion to the use of Speed Nuts 
on all approved opplications releoses critical bar stock steel 
for other important uses. 

Our Engineering Dept, will be glad to assist you in determin- 
ing the proper approved locations where SPEED NUTS may 
be used. Request for information or assistance will receive 
immediate attention. 
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1321 ARCH STREET PHILADELPHIA, PA. 

LET OUNCO Disnifcr ENGINEERS IN 28 CITIES HELP SOLVE VOUR RELAV- TIMER PROBLEMS 
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An Ack-Ack barrage— even in miniature — is 
tough on a woman. Yet, some of the hord and 
brilliant work they are doing in industry must 
be done under fire. 

American women deserve a home life, too. 


So now's the time to pitch in with everything 
we've got to whip the Axis. That is the spirit 
Solar relies on to produce adequate numbers 
of "anti-monoxide" exhaust monifoids for the 
fighting airplanes of the United Nations. 



SOLAR AIRCRAFT COMPANY 


EXHAUST SYSTEMS— 


SAN DIEGO, CALIFORNIA 
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protects aqainsf the invisible 


"Blistering heat" ran blister! And 
even llie clear cold of tiic upper air 
does not give aviators protection 
against sunburned eyes. The invisi- 
ble rays of the sun. in the ultra- 
violet band, can deliver a biting bum 
to airmen during their long flights. 

That is why Aero-Quality Luma- 
rith transparent plasties for aircraft 
is specially processed (light stabil- 
ized) to intercept ibe sunburning 
rays — and, to improve weathering 
qualities at the same time ... the 
imisible conijurrs the imisiblel 


I.umarilh plastics liave been 
doing a lot of Hying for the .Vrmed 
Forces. Control knobs, first-aid kits 
and other molded parts from 
Lumarithinolding materials... gauges 
from I.umarilh tubes. . . transparent 
canopies and other panels and parts 
from -Aero-Quality Lumarith sheets. 
In alt these applications, the high 
impact slrrnglli of l.iimaritli con- 
tributes military staiuina, as it does 
in hundreds of ground uses from 
telephones to tool liandles and gas 
masks to gronimels. 



Celancse Celluloid Corporation, 180 
Madison Avc., New York City, a 
division of Celanese Corporation of 
Amerita Sole Producer of Lumarith* 

and Celluloid* plastics Repnten- 

tatiiifs: Cleveland, Dayton, Chicago. 
St. Louis, Detroit, I.os .Angeles, 
Vl’asliington, D. C.. I.eoiiiinsler, 
Montreal. Toronto, Ottawa. 

CELANESE 

CELLULOID 

CORPORATION 




A DIVISION OF CELANESE CORPORATION OF AMERICA 
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LOCAL L 
DISTRIBUTIQN^ T'7 

from warehouses and office; 
in over 80 psincipdl ‘cities 
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NOW . . . the nation's leading distributor of electrical sup- 
plies to industry has mobilized a specialized service for oir. 
Representing makers of many of the most popular electrical 
plane ports ond accessories, Graybar con serve os o "one- 
coH" local source for materials that go together in service— 
thus greatly simplifying your purchasing problems. 

A staff of qualified specialists fomilior with plane con- 
struction and requirements Is now on coll at Graybar offices 
in every aircraft center. A comprehensive cofolog of air- 
croft construction materials, just off the press, supplements 
Groybor's 1000-page generol catolog. For your copy of 
this new volume showing the scope of Groybor's new service< 
just mail the coupon. 


GraybaR 

Executive Offices: Graybar Building, New York 
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Read howto reduce 
costly manual tracing, 
drawing and copying 


9 Everyone is interested In svays to 
beot the Axis sooner through more 
production. Remington Rond offers 
the timely, impartial Gould Report 
on the "Portogroph" application of 
photography to engineering de- 
portments ... on outhentic survey 
grophicolly showing how by photo- 
graphy more actual productive time 
is goined by reducing time-consum- 
ing, monuol tracing, drawing and 
copying. 

Recounted in eosy-to-reod form, the 
factual Gould Report tells of octuol 
experiences of severol greet war 
producers ... of how they meet de- 
monds of allied departments for 
quick, accurate trocings of drawings 




contractors 


ire accomplish 
freedom from i 


»f photography. 


I vital contribu- 
prodoetion for 


Victory. 


A Special ItJves-riOATiON 




stsoever. 


PHOTOGRAPHIC RECOROS DIVISION 

REMINGTON RAND 

BUFFALO. NEW YORK 


9 Clip the coupon, or write 
to Remington Rand today. 



Stitched Gasket for Cold Air 
Intake Duct in Curtiss-WrightC-46 

Over tlie variety of items slitelied 
tn date on Morrison slilcliers, llie 
least time reduction has been 
65%, according to time studies 
made by Curtiss- Wright Corpora- 
tion. Shown below is the operation 
of stitching fell to metal slip ring 
to form a gasket for the C-46 heat- 
er cold air <luct. 



Tliis part is only one of many, on 
which sveekly lime savings per 
machine have run around 40,000 
minutes. .Among other parts arc 
ducts, firewalls, asbestos shrouds, 
iiulkiteads, rubber supercharger 
seals, felt winterization strips, and 
saii<l plugs for exhaust stacks. Note 


remarkable uniformity an<l flat- 
ness of stitrhps in photo of strips 
of .010 24ST aluminum bonded 
by the new method. (Sawcut 
through row of stitches shows de- 
tail. Photo unretouched.) Opera- 
tion of Morrison stitchers calls for 
no special skill and requires only 

Send for this reprint of Curtiss 
Wright Corporation’s important 
article on Metal Stitching of air- 
craft parts. Write for this faciful 
6 page folder, Bulletin No. S*A tt^ 
day, on your letterhead. 






at least 



time savings 
made by 


Stitching 

Revolutionary new 
assembly method 
for aluminum, 
stainless steel, 
plastics, rubber, 
cork, etc., in 
aircraft now 
proved conclusively 
in service 

★ 
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>R0DUaS OF THE SEYBOID DIVISION 
lARRIS-SEYBOLD-POTTER COMPANY 
DAYTON, OHIO 


STITCHERS 




From tho aircraft plants and into the air they move! Thousands of fighters, 
bombers, transports and gliders. In this vast airplane production— the great- 
est the world has ever known — speed is essential. And DeWalt is playing 
an important part. DeWalt Cutting Machines — for metal and wood — are serv- 
ing in the nation’s aircraft factories. Sturdy, flexible, dependable, fast — 
DeWalt Machines do their work with a precision heretofore unknown. 





try. Black & Decker Portable 
Electric Tools are helping to 
speed up warplane production. 
They are drilling, tapping, 
driving screws, setting studs, 
sanding, grinding, cutting roet- 
al . . . doing many important 
production jobs jaster and bet- 
ter. Here are a few of the jobs 
Black fit Decker Tools — the 
most used tools in the entire air- 
craft industry — are doing now. 





the world has 




DeWALT PRODUCTS CORPORATION 

Lancaster. Pennsvlvania 
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BOLTON SHIELDED IGNITION HARNESS 



In Its ignition system, a modern plane engine has upwards of 30 
lively spark "sending stations." Unharnessed, they would sound 
like machine gun fire in the pilot's phones. Reducing this unweh 
come by-product is relatively simple. Eliminofing it (very definitely 
o "must") requires this carefully engineered shielding harness, now 
being manufactured for the Government in the Bolton plant. 


-BOLTOn MAnUFACTURIhG CORPORATIOn. 


692 CAMPBELL AVENUE-WEST HAVEN • CO N N ECT ICUT 


■ Tiox. yfur. injs 
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If YOU Want the Air Force 
ShowThis Ad to Your Parents 
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In his first annua! address to Congress in 
1790, George Washington said, “To be pre- 
pared for war is one of the most effectual 
means of preserving peace.” 

Today, in the midst of war, his advice might 
well read, “In time of tvnr prepare for peace.” 
For peace, like war. has definite objectives — 
which should be planned in advance. 

When victory brings peace, the contributions 


of industry no less than statesmanship, will 
help determine the kind of world we’ll live in 
. . . and aircraft will play an important role. 

Right mu', of course, war production is all 
important. At McDonnell, we're working three 
shifts making planes, parts, and plastics for our 
Armed Forces. But we're working too, toward 
the better aircraft and better materials which 
will be a part of tomorrow’s better world. 


MCDONNELL 

planes • parts ■ plastics * saint louis -Memphis * 





In hundreds of important war production sliops the new Series 
1000 South Bend Turret Lathes are first choice for machining; 
small precision parts. Highly efficient on all work within their 
capacity, these lathes are especially popular for close-tolerance, 
second operation jobs. 


For Rapid Machining 
OF SMALL PRECISION PARTS 
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obtained, can be varied as required, 
The impeller speed is very high. 

The turbosupercharger operates 
with waste gases at temperatures in 
excess of 1500 F, and outside atmos- 
phere as low as 60 degrees below zero. 

It took applied science, engineering 
skill, and manufacturing genius to 
develop this extraordinary “tool,” 
which will be as important to air- 
craft in peace as in this time of war. 
• Aircraft electric st/stems designed 
and manufactured by General Elec- 
tric make possible the automatic con- 
trol of many different flight opera- 
tions. We are glad to discuss the 
application of these systems wHh 
design and production engineers. 
General Electric, Schenectady, N. Y. 


of Allied bombing is 
by the turbosuper- 
has sent our planes 
they cannot be seen, and 
the reach of effective anti- 

by General Electric, 
in collaboration with the 


supercharger enables plane engines to 
“breathe” in the rarefied atmosphere 

Constructed on the turbine prin- 
ciple, it utilizes the high temperatures 
of the waste exhaust gases from the 
engines. These gases drive the im- 
peller, which in turn sucks in air from 
outside the plane. The speed of the 
impeller, and the amount of air 


THE TURBOSUPERCHARGER, ANOTHER CONTRIBUTION BY 
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As superior to present aviation fuels 
as they are to automobile gas 


1 hr 7ir\v Hovidry Adiabsiic Procrxs olTors an open invntalion 
lo ilie aireralt engine designers of America ; 

■ Lciyoiif fancy lakcfiighi! Let your fondest imacininu’s lake 
shape on paper! Go ahead and design ilic engines to puwer the 
planes of liic future.” 

For the first lime, petroleum chemistiy has caught up to and 
jtnssed aeronautical engineering. 

Hiiudry scientists havedeeeloped a neev cattilvtic prnces.s that 
can proside America tviih a super aviation fuel. A fuel vastly 
superior lo any ever produced by any known prtxesses. It's as 
far ahead of present aviation gasolines as they in turn aie ahead 
of third grade automobile gas. It's so much better, in fact, that 
ukI.w’* aircraft engines cannot fully use its capabilities. 

Will Improve Qiialily of Present Aviation Gas 

Viuil aircraft engine design catches up to it, the new- Houtity 
.\diabaiic Procca will be useful principally in providing an ad- 
ditive, to raise the tjctane-rating of currently produced a\ iatiuii 
gas. Even so, significant improvemems in performance may 
be expected. Greater speed, power, range and luad-ctarrying 
capacity for American aircraft! 


The new process is not cxpcrimcnt.-tl. A semi-commercial 
unit is now- in operadon, its total produedon reserved fur testing 
by ibe armed forces and Houdry technicians. In addition lo 
prosing the process, this unit piovides a large-scale pattern of 
design, engineering and material spc-cificaiiuns for immediate 
Use in construction of full sc.-dc plants. 

Refineries employing tbc Houdry Adiabadc Process will be 
simpler and less expensive to build than present-day caialviic 
ci'itckers, lu-ss time and smaller amounts of cridcal materials 
w ill be required. 

90% of AH Calalylically Cracked Aviation Gas 
Made by Houdry Process 

Tile Ticiv acU.-ibatic process is the latest dei-elopmcni of the 
famous Houdry Cai.nlydc Process w hich already has contributed 
mightily to America’s war effort. In fact, Houdry plants last 
year produced more than go55 of all die calalylically cracked 
aviadun fuel made in the world. 

All Houdry Processes are available to American manufact- 
urers w'iihnut restriction, under license arrangements subject 
10 apprus-al by the United States Government. 
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lo* 


help increose pro- 
duction and decrease reiections, with inex- 
perienced os well os skilled workers. Scien- 
tific design and construction help speed 
training and reduce breakoge; ond tool 
occurocy adds efficiency to green hands. 
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Organizing Atoms 
for a Better Aircraft Engine 

in-linr, air-cooI«i aircruft pnginf. Ranger oiiginpcrsTipgan l.y con- condili.ms in ipmperaluros as !..»• as -70“ F. and al alliludps tip 

Uedai,y.vhereir,_l].enorldmacupeandp •llyii.g klorator/-a Unlical w 

“dlily a"u ncrSodV'w 
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ENGINES 

Farmiiigdale, Long Island 
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Just out — t?<is book containing wealth oi prac- 
heal, usable inioimation on industrial inspection 
by *-ray. Tells how x-ray is used; how to select the 
correct equipment ior the job to be done; how to 
plan and lay out the complete x-ray department. 
Write ior your copy today. Askior BiiUetiu B-3159. 
Address Westinghouse Electric & Manuiacturing 
Company, East Pittsburgh, Pa., Dept. 7-N. 


TO YOUR X-RAY 
DEPARTMENT 


GET BOTH WITH THIS WESTINGHOUSE X-RAY UNIT 

The Westinghouse Rail-Mounted X-ray Unit permits unusual speed and 
flexibility in the x-ray department. Rated at 140 kv capacity, it is especially 
suited ior the inspection of tight alloy parts anH moderate thicknesses of heavier 
metals. Its control is largely automatic . . , easy to adjust for proper exposure. 

SPfED TO INSPECT MORE PARTS FASTER. 

X-rayed quickly, since the tube- 
head adjusts easily and the 
controls are simple. Wheii parts 
are identical, the radiographic 
work is reduced to sliding the 
along the rails and making 



FLEXIBILITY TO inspect more kinds of work. 

counterbalanced tube-head and 
tube-arm permit the beam to be 
raised, lowered and directed 
over a large area with speed and 
great accuracy. The entire unit 
occupies a minimum of floor 
space, a large part of which is 
BvailableiorpositioniTTgthework. 


ouse 
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HOW WESTINGHOU 
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plane talk 


SEALED VOLTAGE REGULATORS are helping to lick problems of dirt, dust 
and moisture affecting generator voltage regulator operation. A dust- 
tight enclosure around the regulator is the answer. 


ELECTRICAL 

DEVELOPMENTS, 

IDEAS, 

APPLICATIONS FOR THE 
AVIATION 
INDUSTRY ■ 


CABIN SUPERCHARGER DRIVES are now on teat. They'll maintain uniform 
pressure inside the cabin regardless of altitude or speed. Westinghouse 
engineers are co-operating in its development. 


HIGH-FREQUENCY HEATING — Westinghouse engineering and development in 
the field of radio have led logically to its kindred science of high- 
frequency heating. 

Applications of high-frequency heating are being extended by further 
research and development work. This includes such applications as tin 
reflow or fusion, form molding of laminated materials, and molding of 
plastics Since the heat is generated within all parts of the material 
at the same time, improved results at higher production speeds are 
made possible . 


DYNETRIC BALANCING OF COMPLETE WHEEL AND TIRE ASSEMBLIES for planes 
may soon be possible. Laboratory tests on a machine for performing this 
operation are now under way. Watch for further announcements. 


THERMOSTATS AND HEATING UNITS to maintain radio crystals at constant 
temperature, regardless of altitude, are helping to improve plane-to- 
plane and plane-to— ground communications. Further information on 
request 


ELECTRIC IMMERSION HEATERS for heating oil at low temperatures are 
speeding cold- weather starting of planes. These units available now. 
Need more information? 


For further Infonnation on any development or product mentioned here, 
write Westinghouse Electric & Mfg. Co.. Dept. 7-N, East Pittsburgh, Pa. 


FOR THAT CRITICAL 


THE BETTER 
FASTENING METHOD 

Today, it must be "better" if the critical job is 
accomplished. Holo-Krome Internal Wrenching 
Bolts, precision made to NASC Specifications, 
definitely qualifies among the foremost Aircraft 
manufacturers, as the answer to “critical fasten- 
ing jobs." 


JOB . . . 

SAVE WEIGHT-SPACE-TIME 

Opening the way for more compact construction 
design, the Aircraft Industry is specifying Holo- 
Krome Internal Wrenching Bolts because they 
definitely do save valuable Weight. Space ana' 
Assembly Time. The internal wrenching feature 
permits a closer application in fastening flanges, 
stringers, motors and wings to fusilage. Hard-to- 
get-at places are made accessible with Holo- 
Krome Internal Wrenching Bolts. Yes, today the 
Industry is saving Weight, Space and Time by 
using this “better” fastening Method. 

NASC SPECIFICATIONS 

Aircraft Designers and Production Engineers— 
you will find this loose-leaf catalog 
containing illustrations, factual data and the 
NASC Specifications for Internal Wrenching 
Bolts, developed and approved by the National 
Aircraft Standards Committee, a daily reference 
in the development of your plans. 



FOR YOUR COPY 
WRITE DEPT. A4 


HOLO-KROME 

BOLTS 

THE HOLO-KROME SCREW CORP. HARTFORD, CONN/, U.S. A. 
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SEND FOR THE MAN FROM BRYANT 






• By xvorking closely with the tlistributor, 
in^ for advice as weJl as metal, you can el 

up production of hnished war materials. 

The Companies listed below are Distribi 
die INCO High Nickel Alloys: 

MONEl • T MONEl • ‘S ’ MONEl • 'R' 
‘KR' MONEl • INCONEl • 'V NICKEl • 

I'ltey also supply other non*fcirous metals 
aluminum, copper and copper alloys. 


What 


Government tee 

priority problem- 

, 1 inconel and 

tll aavUe on 

tteutinp a 


^PB redn“ 

’‘‘*°«.,llv informc* 


What 


Help ««“' 
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jvettaxed m'lls- 
„ shipment from 
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-pend upon "S" 
chshops«v.ce: 


10 Ways YOU and WE 
Gan Help S peed Victory 


r\ Mid'WesI metal distributor re- 
ceived an urgent call from an airplane 
instrument manufacturer. Unless 125 
feet of "R" Monel could be delivered im- 
mediately, production of a vital part 
would be held up. The required metal 
was delivered from stock the same day. 
Production continued at top speed. 

Additional footage was also supplied 
to keep the manufacturer going until his 
mill shipment arrived. 

At nine o'clock on o Sunday evening, an 
Army officer drove to a distributor's office 
for 0 rush order of metal to go with a con- 
voy sailing at dawn. The night watchman 
phoned warehouse employees. The order 
was filled on lime for the convoy's sailing. 


With ell metals end alloys on the critical 
list, distributor stocks have assumed new 
importance . . . providing a councry-wide 
pool of materials. Many examples. .. be- 
side the two above . . . could be cited. 

Less dramatic . . . but equally important 
... is the day-to-day service provided by 
INCO distributors. Maintaining complete 
and up-to-date information about Gov- 
ernment orders and regulations saves time 
and trouble for metal users. 

Distributors acquire broad experience 
in many industries. ..and familiarity with 
the fund of technical information made 
available by the engineering and research 
staffsofThe International Nickel Company. 
Thus they are equipped to advise about 
properuses of metals and alloys... and often 
helpusersovercome production difficulties. 


Inco 


Co,. ^SS Maricna St. 




Distributor Service 

MILL . . .WAREHOUSE. . . FIELD 


THE INTERNATIONAL NICKEL CO.MRANV, INC., 67 WALL STREET, NE\\ YORK, N. Y. 
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.fulfilling tomorroui’s prophcci) todui) 


Raybestos pioneered in the develop- 
nd production of advanced friction 
for automotive and industrial use. 
Raybestos is leading the way in sup- 
lly engineered friction materials 


and ma 


tart 


fer, 


fly 


k e q u i c k I 


ith Rayb 



OF AVIATION 


"Because They Best Fill The Bill" 

In every branch of aviation ... in airline main- 
tenance and overhaul ... in engine and parts 
manufaaure . . . and along the industry’s great 
assembly lines . . . Snap-on tools are used, pre- 
ferred, endorsed. Because they are designed and 
built to meet aviation’s need for speed, accu- 
racy, extreme flexibility. Because, in the words 
of Bell Aircraft Corporation: 

"The compactness of advanced aircraft design 
such as Airacobra requires flexible tools chat 
are strong and reliable. We use Snap-on tools 
because they fill this bill best for Bell Aircraft 
Corporation.’’ 

"Filling the bill best” for aviation . . . meeting 
the urgent needs of factory, assembly line and 
of America’s Flying Forces ... is today a prime 
responsibility of Snap-on. Write for catalog of 
3,000 Snap-on tools, and address of a nearby 
Snap-on factory branch. 

SNAP-ON TOOLS CORPORATION 

8020-E 28lh Avenue KENOSHA, WIS. 
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...back from danger 

Safe on the carrier's deck, the Wildcat returns from a mission of danger* The giant Wasp 
engine in its nose hos roared it to Victory — and brought it back, safe. 

The engineering problems represented by these 18 powerful cylinders ore staggering. 
Take the matter of reduction gears alone. Stepping down the high speed of the whirliitg 
crankshaft to the necessary slower propeller revolutions requires geors of such light weight 
and such extreme precision thot only o slight voriotion would quickly spell their destruction. 
And yet, the flow of engines coming off production tines to power the world’s mightiest air 
armoda demands that these geors be produced by the hundreds of thousands, 

And malcing these gears is Foote Bros.' job — a job that only a few months ago was 
considered well nigh impossible. How new production techniques — new engineering de- 
velopments — resulted in. the present production that keeps three plants of Foote Bros. 
Geor and Mochlne Corporation busy cannot be revealed until the war is won. But when 
"V" Day comes, these monufacturing know-hows can be opplied to the moking of pre- 
cision gears for any product where close tolerances con oid in securing better performance 
and greater economy. 

FOOTE BROS. GEAR AND MACHINE CORPORATION • d22S 5. Wnlem Soulsvord. Chicopo, lllinot! 



Nature’s most tragic mistake 


THE POSSUM'S LITTER consists of 18 babies. But 
mother possum can only accxjmmodate 12. At birth, 
there's a mad scramble for the 12 nipples, and the lirsl 
arrivals don't budge lor 6 weeks! The other 6 babies 
Just look on . - - and die of starvation. 

What an Ironic circumstance! A mother forced by 
fate to watch her own babies starve! And what a 
pointed Illustration of the ruthlessness of Nature. In. 
Nature and in business, the fight for survival is equally 
vital. Failure to keep abreast ol changing conditions 
irariably doomed the less alert industrials to 

b they affect almost everything we touch. 


machine tools will be more necessary than ever In the 

post-war era. Machine tools are essential today to the 
output of the food you eat, the clothes you wear, your 
automobile, your vacuum cleaner, your washing 
machine, your refrigerator. Machine tools not only 
create new industries, but they create employment. 
They ore largely responsible for our present wray of 
life. . .unequalled by any other country in the world- 
In our post-war era. Cone Automatic Multiple Spindle 
Lathes will be even more essential then they are now. 
Their unique advantages will help bdp9‘UB higher 
standards ol living Ibave ever l^lipwn before. 


^HE Automatic Machine Company, l^e^KIndsor^ rmont 


AVl.VTtOX, M;i>, 




BIG, LITTLE and IN-BETWEEN 

The iVircraft Industry has recognized with ever- 
increasing orders “National's” ability to produce and 
deliver a wide range of sizes and types of A-N aircraft 
fasteners, to the rigid specifications required and in 
the liuge quantities demanded. 


^^AfaJionaL 


THE NATIONAL SCREW & MEG. CO., CLEVELAND, 0. 
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THIS "CYCLONE ” WON ITS WINGS IN A TEST CELL! 



''Gunned” again and again as though in comhal . . . 
throttled down as if idling to a landing . - . then revved- 
up to the roaring speed of a power-dive . . . Airplane 
engines must win their wings in test cells today, before 
they leave the factories where they are made. 

Many leading airplane engine manufacturers use 
Woira Head Aviation Oil for breaking-in and test runs. 
For instance, Wolfs Head has been used for t.-sling 
Wright "Cytlonf" engines ever since 1932. 

For twenty.five years, W olfs Head has contributed to 
the march of Aviation progress— by developing oil that 


consistently matched the advances in engine design. Pan 
American C/ippers have u=c| Wolfs Head for over U 
years — more than one billion passenger-miles. Wolfs 
Head has been shipped all around the world in huge 
quantities for use in United Nations’ plane>. 

The Industry can depend on Wolfs Head, for Wolf’s 
Head has more than merely kept pace with engine 
development. As better engines are built. Wolfs Hcail 
will have the oil ready for ibcmf Continuous eontributiun 
to -Aviation is an integral part of Wolfs Head policy. 
WolfBHeadOilHefiningCo.,OilCity,Pa..Ne« York.N.Y. 



WOLF’S HEAD 

tOO;« PENNSYIVAMIA 


AVIATTI 






"This idea appeals to me — bossing 
things around by push-buttons! 
Come on, heavyweight, get going!" 


Right you are. Miss War Winner! And 
give your boss credit for knowing a thing 
or two. He knows that war production 
calls for speed — that electrical energy is 
Ava l ble m e p cit’ le** than human energy. He 

of 3%a, ^00, toaa knows bow much time it saves you — 

how much effort and fatigue you’re spar- 
ed. That’s important in war production; and in peacetime, too. 
That's why your boss provides Zip-Lifts — to make things 
easier for you. They’re simple to operate; easy to mount on 
hook, jib, or trolley; and they plug into any standard lighting 
circuit. The Zip-Lift is the only small hoist with this full mag- 
netic push-button control. 

Gmeral Offices: 4593 West National Avenue, Milwaukee, Wis. 



^•HeinemannCifCuil 
W nrolection fot many 


emps; on circuits up to 32 volts DC; 
. is 3000 amps. They have passed these 
Hif 20 s'»tt spray at 120’ F.; OS'?!' relative humtd- 
iiilraioa in water held at dO' F,: operate in temp- 
Si^jMero up to 200'' F. 


the breakers insl< 
overloads. They 


SheSvesK^^ .end dange 
sAde.ls^ IS defayed/on i 
ibrattpn pTooF.arid. ah'o^ 


Serirf for Complete 
Descriptive Literature 


HEINEMANN CIRCUIT BREAKER CO. 

SnhsIJinrv of IMneai.im, Klntri, Co. Lst. JMfilt 

TRENTON NEW JERSEY 


to Keep 'em flyings 
fightingee.firingee 
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ut these quickly, 


cleanly 


and 


these 


YARD 


precision taps 


In completely temperature controlled 
departments, equipped with the new- 
est and finest of produaion machinery, 
we turn out fine, acairate taps. 

Yard Taps are ground by gage makers 
and are tested on gage testing instru- 
ments. We use our own taps in our 
own production plants making war 
materials. We design for high output. 

Very few Yard Taps are carried in 
stock. We make taps to order to fit 
your exact need. If you will furnish 
us with your specifications we can give 
you our recommendations and delivery 
dates. 


V-Ajii) JJ'Jvd. 

PASADENA, CALIFORNIA 


• Pllil Tlftltr Kilt Bitis 
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Alloy Steel helps a Flying 


Fortress 



A BUMPY landing wth a 2S-ton 
bombiT is no “love-tap!” The im- 
pact can be as great as SO tons. 'I'bal’s 
why Boeing engineers designed into the 
Fortress’ landing gear the greatest pos- 
sible strength consistent with required 
compactness and light weight. Anil that’.s 
why almost every part of its landing gear 
■ — actuating arms, links, struts and hy- 
draulic cvlinders — is made of alloy steels 
in various forms. 

Only Alloy Steel can so safely take the 
terrific shock loads in landing gears, can 
so well withstand the destructive fatigue 
in engine mounts, or carry the stresses 
concentrated at vital points in primary 
aircraft structures. It is for such impor- 
tant applications that U-S-S Carilloy 
Aircraft Quality Alloy Steels are pre- 

•\Iore than high strength-weight ratio 
distinguishes the Carilloy .Alloy bars and 
billets chat bear the “.AC” Aircraft 
Quality — scamp, To earn'this rating the 
steel must run the gauntlet of very strict 
micro and macro examinations that prove 
its fitness for airplane parts, engines and 

U-S-S Carilloy Sheets and Strip for 
aircraft construction are protluced by the 
most modern equipment for rolling and 
siilisequeiit processing operations to pro- 
vide a smooth, scale-free surface finish 
assuring maximum resistance to fatigue. 


UNITED STATES STEEL 
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.Buy Bar Bonds»« 




j HOSE CLAMPS 


Aviation Hose Clamps 


Made of nonctitica! mild carbon steel, and ainc plated for 
corrosion resistance, Wictek Types FBC and FBCA Aviation 
Hose Clamps have performance characteristics comparable to 
hose clamps that were made of stainless steel. 

Wittek Aviation Hose Clamps, known as the standard of 
the industry since the beginning of modern aviation, arc now 
being used by the nation's leading military aircraft and engine 
builders. Wittek FBCA Hose Clamps meet all requirements 
of Army Air Forces Specification 25529. Wittek Manufactur- 
ing Co.. 4305-15 West 24th Place. Chicago 


Wittek Types FBC and FBCA 






Another tough heat-treating problem solved with 



Revolutionory new Quenching Oil gives parachute cord 
braider clip the necessary springiness without distortion, 
reduces rejections, increases production. 

A maoufaccurer of machines for braiding parachute 
cords had difBculty in heat-treating the bobbin clip, one 
of the vital parts. 

A water quench was too severe, causiog such distortion 
that each clip had to be carefully straightened, which 
required the expenditure of hundreds of man hours 
each month. In spite of this, there were many rejections. 

Conventional quenching oil would not give the neces- 
sary springiness in the clip. Consulted on the problem, a 
Gulf Service Engineer recommended Gulf Super-Quench, 
which achieved the necessary springiness without dis- 


tortion. Result; a substantial istcrease in production, 
rejectiosts almost entirely elimiiusied. 

In plant after plant, this revoiuiionary new quenching 
oil is achieving remarkable results. Many parts for the 
weapons of our armed forces are being made harder and 
stronger with Gulf Super-Quench than was ever before 
possible with oil quenching. And yet Gulf Super- 
Quench avoids distortion and cracking. 

Here’s the important reason why Golf Super-Quench 
is a superior quenching oil: It has dual-action — a faster 
cooling rate through the hardening temperature range, 
and the slow speed of conventional quenching oil below 
the hardening temperature range, 

Gulf engineers are at your service in 30 stales from 
Maine to New Mexico to consult with you on your 
quenching problems. 



GULF OIL CORPORATION • GULF REFINING COMPANY • PITTSBURGH, PA. 
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HIGH SCHOOL... 




AVIATION, 



ALUMI N UM 



LJ LJ ALUMINUM BRASS BRON2E MAGNESIUM 

C fl S T I n G s 


H EADS 


are just one of the many parts for Amerira’s fighting 
planes where Iloward nonferrous rastiiigs are efTeeling 
weight savings— savings which import higher speed nr 
greater fire power, heavier liomb loads or more sub- 
stantial armor. 

As the nation’s largest jobbing producers of magnesium 
and nonferrous castings, much has been expected of ns 
iu the war effort. We are proud of delivering more than 
was expelled in large tonnages of cast parts of magnesium, 
olumijium, brass and bronze for America’s planes, tanks, 
tank destroyers, ordnance, ship and armament-making 
machinery. 

ISonfrrrous castings from the three Howard foundries 
are proving their value today In a myriad of armament 
applications, many of wiiirli are quite new and of which 
nothing can notv be told. These uses, however, are defi- 
nitely indicatii^ important peace-time applications for 
aluminum, brass, bronze and magnesium castings in 
which the Howanl foundries are due to figure prominendy. 
May W'c help your armament production with better non- 
ferrous costings? 

For armament today — 
for utility tomorrow, 

Howard Foundry Company 

4900 Bloomingdale Road Chicago 





ON THE MARCH to aid users of alloys... 


FIELD ofRces sre maintained by International Nickel’e 
Development and Research Division and by qualiRed 
distributors. Nickel field representatives are always 
on the go. These men offer practical advice about 
selection, fabrication and uses of metals. Assistance 

IS likewise offered on problems arising from the diver- 

sion of Nickel to war industries. 

Also available are many useful publications for the 
information of alloy users to serve as practical guides 
and for frien performing new 

For a check list of available published information 
a quick personal answer to your specific questions 
Nickel alloys, please address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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T&B PRESSURE ^ 

TOOLS 

^ mstaltln^ 

mma m. mm m. m 




latioiis, and harness assemblies. Portable 
tools that ran bo wheeled or carried from 
job to job. Tools for installations in the 
held where power is not available and 
where cjiiirk emergency repairs are needed. 
For any unusual tool requirements the 
T & B Engineering Depui'lment stands 
ready to olTer solutions. 


Tools. Kpeeris (lie iiiNtiillotioii of .Sta- 
Kon (.soliierloss) Teriniiial.s onto all 
wires, .sizes =32 to 3.i0 (;l=33 (o 

I 0 .\ircrafl). 


P«» 


Every T & B tool will stake at least two 
different sizes of Sta-Kons. Some are de- 
signed for installing as many as nine sizes. 


The spee<l of power-operated bench mo<l- 
els is limited only by the capacity of the 
operator, and installs np to 8.000 a da> — 
wiihonl fatigue. 


Any T & B foot-o]ieraled tool now in oper- 
ation can be concerted by adapting an air 
cylinder. Also, die sets with indeiilor and 
nests are available for u plant's existing 
power press equipment. 


.\pprovod 


T & B tool makes installations ap- 
1 by the various branches of the 


■at hand tools lor in- 
Ft frames. Bapi<l action 
■mbiy line mass iiistal- 


beiich tools foi 








STA-FON 

P\ 44 tcihies 


^11 T i B Sla.Koo Preraare Tool., B 


irgc or small, work 
what stylo or size 



barrel of the Sta-Koii 
.ed, the barrel exerts 
>ut the wire and cable, 
and actually becomes 


dianically perfect and 
■< vihralion proof with 


Under the T & B 


T & B products are distributed 



THE THOMAS & BETTS CO. 

INCORPORATED 

MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1899 


lo C<. 





WHAT DO YOU M£AAT 

wncdiwm 
bombeT I 




A •ubsidiciry of LockhoeH 
Aircraft Corporatiort 


tMchhud HuJioif 
AWin« Bsmbtr 


Lofkbted P~3B 
Ugiimng PigbitT 
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lieUi^id OUR VICTORIES 

^SUPERIOR TRAINING.. 


Victories in the Air originate on our home front — on the Army training fields where 
our Pilots receive the thorough schooling that prepares (hem for combat. 

The Bomber Pilot in froining must have absolute confidence in his equipment, in 
order to attain the concentration on accuracy required in modern precision bomb* 
ing. Complete engine reliability is of utmost importance in gaining that assurance. 

Jacobs Engines power more Iwin-etigine Training Planes than all other engines 
combined — because they give the Bomber student that freedom to concentrate. 

These efficient, reliable engines will give the same feeling of assurance to Com- 
mercial Pilots and to the Business Man and the Sportsman flying their own planes, 
after Victory is achieved. 




LITTE/L'^USE 



SIGNALETTrS light does not fade 
out under brightest sunlight but is 
octuolly stronger, 

■WTATTOX, M;iv, 3!)43 


Send for new SIGNALEHE Bulletin, 
telling how to obtain test somples. 
Complete data. Wire or write 
El Monte office. 





FOR DEEP. MEDIUM OR SHALLOW HARDNESS 
THERE IS A 


6RAPHITICS1EEL 


If you need a deep hardening steel, 
you will be interested in Graph-SU 
or Graph-Mo Steel. If you require 
a medium hardening steel, inquire 
about Graph-Tung Steel. Graph-AI 
and Graph-M.N.S. are shallow 
hardening steels. 


All five of these steels are easy 
machining, long wearing, and non- 
seizing or non-deforming tool and 
die steels that offer maximum re- 
sistance to abrasion. As is shown 
in the chart below, each steel is de- 
signed to do a specific type of job. 



The newly revised and enlarged Seventh Edition of the Graphitic Steel Handbook ipves 
complete data on all five steels. Write on your company's letterhead for your copy, to- 
day, The Timken Roller Bearing Company, Canton, Ohio. Steel and ^be Division. 


How and why to memorize 

der f^orst 

★ 
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’^^cA/c/[/otu6er/ 

(tonf/deni/a/) 


OU PROBABLY remember the huge 
number of bombers you lost over 
Englond a while back, don’t you? And 
most of them from those 

ACK-ACK guns, too! 

Well, confidentially, Schickigruber, 
though we can't tell you much (these guys 
keep things so darned secret around here), 
we can inform you that we had a little 
part (not much, mind you, but a little) to 
play in that show. 

Above is a photo (sorry it’s been 
painted out so much) of a 

that we had something to 
do with, and that had something to do 
with something that had something to do 


with the losses you had over England. 
Remember? 

Now, Schickigruber, this is strictly con- 
fidential, and we don't want you to tell it 
to a soul, except maybe a few of our 
customers. We may be able to fix up 
something as accurate for them some day. 

VINCO CORPORATION 

8865 SCHAEFER HIGHWAY, DETROIT, MICHIGAN 



AVIAI’ION'. Mat, 1943 


BURRS. ..BURRS. ..BURRS 

Burrs everywhere . . . but 



THE LEA METHOD AND MATERIALS 

remove them easily and economically 


Cuno Engineering Company of Meriden, 
Connecticut, makes oil filters . . . those 
highly efficient filters used on airplanes and 
tanks. And their efficiency is due in large 
part to the successful utilization of the prin- 
ciple of "edge filtration." Oil passes be- 
tween specially shaped discs compressed 
almost solid on rods. 

Where does burring come in? It Is abso- 
lutely essential that every potential tiny 
particle of metal be removed before the 
filter Is assembled and placed In operation. 
Should any tiny particles within the filter 
drop off, they would, of course, defeat the 
very purpose for which the filter was 
installed. 


Note the many burrs in the castings pic- 
tured above. Imagine the task this would 
be if all the work were done by hand. 
Imagine the difficulty of maintaining toler- 
ances In the measurements. If the burring 
were done with files or metal burrs. 

Here is an excellent example of the way 
LEA Engineers help manufacturers. Co- 
operating with Cuno production officials, 
they worked out a simple, effective and 
economical method for removing all burrs 
not only on the castings but on the discs. 

Why not investigate the LEA Method of 
Burring for your operations? 


THE LEA MANUFACTURING COMPANY 

Waterbury, Conn. 

Burring, Buffing and Polishing . . . Specialists in the Derelopmenl of 
Production Methods and Compositions. 
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LIQUID'COOLED AIRCRAFT ENGINES 


ACHIEVEMENT OF A SINGLE PURPOSE 


A SINGLE purpose spurred the engineers who planned the Allison engine. 

A single purpose moves the metallurgists who test and choose the fine mate- 

A single purpose guides the skilled hands of the craftsmen who 
machine and fit its gleaming parts with precision that finds few 
counterparts in volume production. 

That purpose is Co create the finest aircraft engine 
ever built. 

How well that purpose is attained is being written 
in the records of the planes which the Allison 
powers — and in the standards it is establish- 
ing, at home and abroad, for sturdiness and 
dependability. 

Employed in several types of Ameri- 
can fighting planes, the Allison 
is proving before the world 
the ability of America to 
work to levels of quality 

before approached. 
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Skinner engineers perfected this midget filter to re- 
move porticles or contaminants from the anti-icing 
fluid before it reaches the Metering Fluid Pump • . . and 
in this function the Filter helps prevent formation of ke 
on the propeller . . windshield . . and in the carburetor. 


iring problems 
3 copy of our 


Easily dismantled and cleaned even though in 
closely confined oreos. Unskilled persons moy 
quickly remove the Filter Pack, clean it and 
reassemble it without special tools. Skinner 
Filter Pocks ore standardized to permit imme- 
diate inter-changeability of parts. 


This filter is being used also for gasoline 


KINNFB PlimHfKX. 




What happens next? 



T he instant the plane hits the water a tiny 
release mechanism goes into actinn . . . auto- 
matically, Out of the plane pops a rubber life raft. 

Even before the pilot can extricate himself from 
the cockpit his life raft, fully inflated, is floating 
near the pljiie. It is connected to the plane by a 
sliort line. If the plane should sink, the fastening 
breaks and the raft frees itself, 


' V 

This Kidds in$eiion eyl' 
hsiptd savs many tivss. 


The pilot pulls a release-cord. Instantly, his 
“Mae West” life preserver is inflated by carbon 
dioxide. He doesn't have to do a thing more . . . but 
climb into the raft. All the work is done by release 
mechanisms, valves, and cylinders of carbon di- 


Raft-inflation e(|tii(iment is only one of tlie many 
interesting wartime life.saving devices developed 
by Waller Kidiie & Company, a pioneer in the 


field of compressible gases. Cylinders for oxygen 
and other gases . . . firc-fighling equipment . . . 
carbon dioxide power-uctuutirm a()paralus . . . all 
protect tlie lives of our fighting men. 


Tlianks to increased production, Kidde cyliiJ. 
ders are notv available for immediate delivery. 
Kidde research engineers are cimsianily develop- 
ing new uses for pressure gases. Perhaps you have 
a problem they can solve. Kor infoimution, write: 
Vi’alter Kidde & Coinpatty, Inc., 516 Main Street, 
Belleville, N. J. 



Waldes Truarc presents a significant 
advance in retaining rings. 

It spreads or contracts without dis* 
tortion; always retaining its perfectly 
fitting circular contour. 




For all thrust-load fixing and shaft and 
housing applications, Waldes Truarc 
provides distinct advantages over nuts 
and bolts or wedges and washers ... it 
reduces dimension and weight . . . saves 
material., .cuts manulacluring time... 
simplifies assembly and dis-assembly. 

On request, we will gladly furnish 
samples and full data for your tests 




CG 
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Split-hair accuracy isn't close enough for today’s production. Tools have to be 
specifically designed and built to hold the work to the invisible tolerances now 
required on many parts. And that’s a HECKER specialty, 

Frequently the character of the tool, jig or fixture is the difference between 
precision work at normal speed (or less) and the same precision work on 
stepped-up production cycles. 

HECKER tool engineers are serving a wide range of industries, tthose names 
read like an industrial Blue Book. This accumulated experience with men and 
machines of all types is ready to tackle your tooling problems. 

Furthermore, these engineers are in close contact with tlte HECKER production 
of precision parts for leading aircraft manufacturers. They know at firsthand 
bow their tool designs are performing. 

Give us a real tooling problem to solve for you. Discuss it, no strings attached, 
with one of the HECKER field engineers. Write to A. W. Hecker, 1978 East 
66th Street, Cleveland, Ohio; or, 517 New Center Building, Detroit, Michigan. 
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AEROLS^ 


Capable of a power dive in excess of 725 miles per 
hour, Republic's P-47 "Thundecbolts"are considered 
the fastest high altitude fighters in the skies. And 
their "ground performance" is equally superb 
— for "Thunderbolts” are equipped with AEROLS. 

Not only "Thunderbolts," but every other type of 
American airciait— from the modest sized trainers 
to the biggest bombers— rely on Aeiols for swift, 
sure take-offs and soft, cushioned landings. 


AEROLS 


• TION, May, 
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COKPORATION 


BEeCHCKArTS 



tt tCHITA. KANSAS. V. S. A. 
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New engineering processes of Horvill Corporation are doily 
contributing to production increases from coast to coast. In the 
war busy plants of today — the peace plants of tomorrow — de- 
sign and production engineers have found the advanced Harvill 
Corporation methods time savers. 


New Techniques — new materials — - an entirely new and ad- 
vanced approach by engineering and production personnel is the 
answer. Here is an organization geared to the best, fastest ond 
cheapest method of solving your production problems . . . backed 
by the equipment and knowledge to accomplish tomorrow's job 
today! Write Harvill Corporation’s Technical Service Department 
today for detailed information about its products and service! 
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:d over many years pasf, which 
dependability in life or death 


«ed records on (and, 
fastest fighter plane 
lalning new prestige 


PERFORMANCE 
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PESCO Fgal TrauFar 
Pump widely uied on 




The Berlin radio was silent last night. This morning we know why. The Yonks again/ 
What a performance record these big war birds are setting for going places, 
doing things, and coming home. It's precision exemplified. That's the inspiration 
of every worker here at home, to make every plane part a model of precision. 


In Aircraft Hydraulics, Fuel Pumps, 
Air Pumps, Related Accessories... 





PERFORMANCE POINTS TO 


FIRST 



How Spot-welding 


SAVED 6 OPERATIONS 

in Mounting These Studs 


it. screw In the stud, peen it (so it 
won't turn), grind off the rough 
surface, fill the stud head. Seuen 
long steps. With 7 tools. But you can 
sfal-ieeld a stud to that panel in the 
wink of an eye. 

Resistance welding with precise 
electronic control is speeding the 
construction of light-metal and stain- 


GENERAL 



ELECTRIC 


l.VTIOX, May, 



WHITNEY 


AIRCRAFT CHAINS' 
help speed 

BO/MBS /IH^y 

When a bomber takes ofF, Whitney Chains ate called into 
action on landing-gear retractor, elevator and aileron controls. 
In fighting off enemy interceptors, Whitney Chains help to 
turn the poster-driven gun turrets. And when the bomber 
nears its target, Whitney Chains help actuate the bomb doors. 
On each job, the chain must function instantly and posi- 
tively, at command. 

In its direct service to the aircraft industry, the Whitney 
Aviation Division brings ro you ptnonally, when you need it, 
all of Whitney’s extensive experience in engineering roller 
chains and sprockets into the individualized design require- 
ments of many different aircraft mechanisms and controls. 

Let us know when you are ready to talk to a 
Whitney Aircraft Chain Engineer. 


*PRODUa OF AVIATION DIVISION of the WHITNEY chain & mfg., CO. 

HAKTfOIIP. CONNICTICUT 
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Lightweight, Compact, Powerful— 
Emcrion-ElectTic Aircraft Meiers 
are made for gHU-lurret drives, by 



Silhouetted against a morning sky, an American plane crew 
watch as “Rising Sun” ships burn fiercely — the result of per- 
fect coordination between plane, crew and equipment. . . . 
Backed by 5 3 years' experience, and designed for war— efficient 
Emerson-Elearic motors are a dependable part of Allied air- 
craft, responding instantly, unfailingly, to finger-tip control — 
giving crew members extra time to concentrate on the target. 
THE EMERSON ELECTRIC MANUFACTURING CO. 


EMERSON .^S^E.lECTRrc 


MOTORS • FANS • A P P t I A N < l.S . .7 A. C. ARC. WElDIR.fi 
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They Save 
Millions of Pounds 
of Precious Meloi 

Stamped from sheet metal, Boots 
Self-Locking Nuts make it possible 
for American planes to fly over a 
million pounds lighter. In addition 
to this saving in weight, due to 
lightness of the nut. Boots ore 
responsible for anoiher,even 
greater soving: planes made in 
part of plywood end plastics, 
thus saving tons of strategic metal, 
ore now fabricated with the new 
Boots ''Cage'' Nut. This unique 
fastening device also operates 
upon the famous Boots seif- 
locking principle. 


SEVEN-LEAGUE BOOTS, 1943 STYLE 

Carrier based planes, like those above, wear Boots All-Metal, Self- 
Locking Nuts. Because Boots Nuts are so much Ugkter chan otlier 
outs, our naval aircraft can carry extra gallons of precious fuel 
which increases the Navy’s striking power by hundreds of miles. 

The lightness of BooU Nuts can also mean extra firepower for 
the planes which wear them. But lightness isn’t the whole story. 
Boots Nuts are durable— literally "outlast the plane.” No plane 
vibration can loosen them. They can be re-used time and time 
again. Boots All-Metal, Self-Locking Nuts, used on every type of U. S. 
plane, meet the exacting specifications of all government agencies. 

A recent addition to tbe Boots family is the new, all-metal "Rol- 
Top” nut. It is specially designed for engine application, and has 
gained wide acceptance among manufacturers in that field. 


BOOTS 


Boors tlRCRIFT KOI CORPORAriON * GEKERRL OFFICES. NEW CANAAN. COHHECTmiT 
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NEW. ..and BETTER... 





CUP ON SCREW HEAD MAKES SLOT 
EASY TO FIND, PREVENTS SLIPPING 


I N offering these Hose Clamps to American in- 
dustry, and especially the aviation industry, we 
believe we have succeeded in providing a design 
distinguished for high performance, reliability, 
serviceability, and suitability to the work. 

The clamp consists of a 9/16" wide tempered 
high carbon spring steel band punched with holes 
corresponding to the teeth of a worm gear. The 
housing which carries the case-hardened steel 
worm or take-up screw is of heat-treated high- 
temper carbon steel, precision stamped and press- 
assembled. The slotted screw head has a safety 
cup which prevents the screw driver from slip- 
ping and puncturing the hose or injuring ocher 
pacts, and also permits finding the screw slot 
easily in the dark or in cramped or concealed 
locations. 

Extreme compactness is achieved by the narrow 
band and small housing on the take-up screw. 
Tests show that the uniform tangential take-up 
results in no distortion of the pipe and no leaks. 
Many other imporlaiil i/dt aiilages are described 
in a circular now aiailable. Write for it. 


• EXTREMELY COMPACT 

• RAPID ACTION 

• UNIFORM PRESSURE 
ON HOSE 

• INSTALLED WITH HOSE 
IN PLACE 

• NO LOOSE PIECES 

• SMALL NUMBER OF 
SIZES 

• SELF-LOCKING 

• 3" TAKE-UP IF NEEDED 

• SAFETY CUP ON 
SCREW HEAD 

• COMPLIES WITH AAF 
SPECIFICATIONS 






/4iwui^ Sicutdatid ‘Panti. (^. 


1715 Nineteenth Ave 
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REDUCE BEARING FAILURES 


Equip war production machines with 

LINCOLN CENTRO-MATIC 

LUBRICATING EQUIPMENT 




LINCOLN ENGINEERING COMPANY 


Pioneer Builders of Engineered Lubricating i 

ST. LOUIS, MO., U. S. A. 
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GRAND RAPIDS 

INDUSTRIES, INC. 

MH ex^tenicMced 

down, t» eant^ fincduetictt 



. . . (Met ^eut 

Thousands of Army planes — and giant gliders — 
now in the air — bear testimony to the facilities and experience of 
GRAND RAPIDS INDUSTRIES to produce in volume, to exacting 
specifications. If you need production in wood — solid or laminated — 
GRAND RAPIDS INDUSTRIES is at your service with complete 
facilities for research, engineering, planning, and 24-hour production 
from literally hundreds of fast, modern woodworking machines. There 
is available a total of more than 2^ million feet of productive floor 
space, with ample, immediate labor supply. 


GRAND RAPIDS INDUSTRIES, ine. 

MONUMENT SQUARE BUILDING • GRAND RAPIDS, MICHIGAN 

15 Pfanfs Famous for Fine Furnifure — Unifed Sn Production for the Aircraft Industry 
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SIX NUTS THAT BRIDLE 
A THOUSAND HORSEPOWER 


T his is the business en<] of a 
powerful Diesel engine. 

IL'ell over a thousand horse- 
power spins through that coup- 
ling — through those six studs. 

To connect that coupling, old- 
style lock fastenings wouldn’t 
do. They couldn't both lock and 
he lightened to spread the load 
evenly. So studs failed. 

The solution shows iu the photo 
— Elastic Slop Nuts. 


With these fastenings, uniform 
pressure was obtained as well as 
complete security against nuts 
working loose. 

In the peacetime prodtiction to 
come, equally puzzling prob- 



lems will plague manufacturers. 

And we are prepared to help. 
Our engineers who today are 
solving war production prob- 
lems will be ready to share their 
wide experience with you. 

Whenever you have a fastening 
job let us know. Our men will 
work with you on it and recom- 
mend the correct Elastic Stop 
Nut to produce a better product 
or to facilitate its manufacture. 


ELASTIC STOP XETS 

deal' fist to maJee thbtgs last 
Elahtic Stop Nut Corporation of America, Union, New Jersev 
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It Is ‘^^Tailor-Made” 

To Do The Job yhu Specify 


C^iok HpIIows SwUrhea can be provided with nor 
]s:;,S:SS,*“'ESSri: ubie liintw! 




e;s=£3™1:; 


This is the “Spring-Life Principle 



^ ^ 1^ ELECTRIC 

^ JV COMPANY 



KH.1 FOR THE NAVY 


Outstanding Single Engine 


Instrument Trainer of the Year 





AIRCRAFT CORPORATION 




Increase His Margin of Safety 



AIRCRAFT SCREW PRODUCTS CaMPANY, ,nc. 

\J 47-23 35th STREET • LONG ISLAND CITY, N. Y. 
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Bi gg er things are coining in the aerial 
transport of troops and equipment. 
At airliner speed, mammoth planes 
transport jeeps, spare engines, repair 


parts and paratroops to distant com- 
bat areas. As in the case of the most 
famous lighters and bombers, these 
planes are usually Berryloid-finished. 


BERRY BROTHERS, 



BERRYLOID 


AIRCRAFT FINISHES 



HOW STAYNEW FILTERS 


FOR AIR * GASES « LIQUIDS 



STAYNEW PIPE LINE FILTERS KEEP AIR- 
POWERED TOOLS WORKING SMOOTHLY 


STAYNEW VENTILATION FILTERS UP WORK- 
ER PRODUCTION, RfDUCf BUILDING CARE 



On compressed air lines, Staynew Fil- 
ters prevent the passage of dust, dirt, 
rust, pipe scale, and condensed mois- 
ture. Solid matter causes clogging and 
loss of power in air-p>owered tools; 
water washes away lubrication or 
freeres such tools: both solid matter 
and water may cause delays and waste 
at other points. 

Remove Sediment from Liquids 

On liquid lines, Staynew Filters assure 
dean water, coolants; fuel, lubricat- 
ing and other industrial oils; many 
special liquids. 


Eliminate Hazard of Oil and Moisture in 
Automatic Controls 

Many special pipe line filters available, including 
new “super” filter for the removal of traces of oil 
and moisture from lines to air-operated control 
instruments. 


Staynew Ventilation Filters guar- 
antee delivery of dean, dust-free 
air, reducing cost of building main- 
tenance, adding to efficiency of 
employees, eliminating health and 
accident hazards and preventing 
waste in many operations and 
processes. Automatic and Panel 
types, including fire-resistant con- 
structions and media. 




Exclusive 

RADIAL FIN CONSTRUCTION 

Permits high ratio of filtering area 
to space occupied. Back pressure 

servicing. If is long-weorir 




break down under 


HAVE YOU A FILTER PROBLEM? 


STAYNEW INTAKE FILTERS MAINTAIN 
EFFICIENCY OF ENGINES AND COMPRESSORS 

Staynew Intake Filters prevent 
the suction of dust into engine 
and compressor cylinders. Dust 
scores cylinder walls, dogs valves, 
causes excessive carbon forma- 
tion, wears reciprocating parts. 

Users report important reduction 
in upkeep, continuous efficiency. 

Complete range of sizes; models 
include SILENCER - FILTERS. 




Special Aircraft Filters Designed 
by Staynew Engineers 

The broad experience of Staynew 
engineers is proving invaluable to 
aircraft manufacturers and designers. 
This experience, product of more than 
two decades devoted exclusively to fil- 
ter manufacture, is yours for the asking. 

COMPLETE CATALOG 


STAYNEW FILTER CORP. 






THE ELECTRIC AUTO-LITE COMPANY 


SAKNIA. ONTARIO 


AUTO'LITE 


WIRE°"<<CABLE 


as 
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7^^<act-'Powen, of kardex 

AIDS IN REDUCING ABSENTEEISM 




AIK tUNUlIlUNinU 
lor our Fighting Forces! 

American planes have proved their supe- 
riority in combat: wresting the Initiative 
from the enemy and making rapid ad- 
vances by other of our armed forces 
possible. 

Supremacy in the air is the result of 
the stupendous effort of America's air- 
craft manufacturers. Back of them are 
the hundreds of makers of aircraft parts; 

i "/eves’ 

sively to the production of drop forged 
Ft parts, with ample facilities tor 
g them out In any quantity and on 



_ s of a specialized p 
tion forging service plus a knowledge of 
the importance of keeping delivery 
promises. 

Ask a Kropp Aviation forging engineer 
— no obligation is implied. 








This is not a pleasant story. We are about to name the 
murderer in a case that has long been listed as suicide . . - 
and that murderer is still alive, known to many who 
read this story. 

It happened many years ago. A man named John 
Fitch was supposed to have taken his own life. The truth 
is, he was killed — in one of the most reasonless, strange 
and brutal of all crimes. 

He was a shabby man, who tramped through life with 
the frenzy of a fanatic, clutching a vision under his arm - 
the plans, designs and models of an invention that would 
revolutionize this world and bring a new era of wealth 
and progress to the people of his country . . . They told 
him that it couldn’t be done. 

For 15 years he shouted in a wilderness of deaf in- 
difference, hammered at the closed doors of political 
thought, was branded as crazy, humiliated in public, 
bereft of funds, and finally killed. They say that he took 
an overdose of narcotic pills, but John Fitch was 
murdered. 


He was murdered by indifference! Ignorance, stu- 
pidity and political blindness killed John Fitch — but 
not the vision he had offered to the world. It was the 
plans of a steamboat, designed, built and successfully 
operated 20 years before the world ever heard of the man 
named Robert Fulton. 

We have a purpose in telling this story. It's simply 
this: Men are still murdered by indifference. Vision is 
still the victim of ‘Tt can’t be done", perhaps note more 
Ilian ever before! And because this is true, we believe that 
a single fact about Jones & Lamson may be important 

Today, the foremost engineers and designers in 
America are entrusting their plans and problems to 
Jones & Lamson for counsel, service and technical as- 
sistance in the use of precision machine tools. 

If il CAN he done . . . and if tools are needed to do 
it . . . Jones >& Lamson engineers and service men arc con- 
sidered among the best qualified in America to help you. 
Call upon them! 



JONES & 


Universal Tnrret Lathes , Fay Automatic Lathes . Automatic 
Thread Grinders , Optical Comparators . Automatic Opening Die Heads 

T XMCniJ I^ACHINE CO., SP&lNGFiELD, VERMONT, U.S. A. 

JuaITIwvJj Profit-producing Machine Tools 
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Translating MOTIVE POWER 
into Fighting Power 



Bunting Bronze Synchronizing 
Rir>g», which ora a vital part of 
certain Tank Transmissions, pro- 
vide the ready maneuverability so 
necessary in these outstanding 

Bunting Bronze Bearings, Bush- 

smooth, dependable performonce 
to the ether control and power 
mechanisms. 


Manufacturers of these great 
weopons find Bunting products 
able to meet exacting speciflca- 
Hens. If you have a bearing prob- 
lem in any field of application, 
Bunting experience and resources 
can help you. The Bunting Bross 
& Bronze Company Toledo, Ohio. 
Warehouses in All Principal Cities. 


BROKZE BDSBINCS • BEARINGS • PRECISION BRONZE BARS 




WET 
for 
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ALCOA DIRECTS 
THIS MESSAGE TO 




Are you one of ihe many companies who 
are working on airplane subcontracts? 
Jt may be the first time you’ve worked 
with aluminum, and the job is strange 
to your workmen. You have received 
materials and specifications from your 
prime contractor, but you may need 
detailed information on some particular 
phase of the fabricating work. 

Aluminum Company of America 
has prepared both literature and task- 
instruction motion pictures which are 
available to you. Often, this mate- 
rial will answer your questions ade- 
quately. Jn some cases, however, you 


may require help on specific problems. 

Alcoa engineers have spent a lifetime 
developing the best methods for fab- 
ricating aluminum alloys. Perhaps we’ve 
already helped some airplane builder 
solve the very problem that has you 
stymied. We’re anxious to pass on all 
such information as will speed the war 
effort. Or, if it’s a brand-new prob- 
lem, we’re ready to get going on 
that, too. 

A letter or telephone call will start 
help on its way to you. Contact 
Aluminum Company of America, 2182 
Gulf Bldg., Pittsburgh, Pennsylvania. 


ALCOA ALUMINUM 
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1 Uniformly opaque, and more sharply 
white when blueprinted. 

2 Dense color without thickness of 
lead deposit — and less smudging. 

3 Drawn without pressing into 
the paper — and easier to erase. 

4 Always uniform— because 
scientific manufacture 
produces ever-accurate 
MfCRoroMfc grading. 

5 Stronger points and 
notably longer wear. 




HiDENsmr 

The basis of more opaque tracings 
and sharper, clearer blueprints — 
and the exclusive advantage of 

MICROTOMIC "VAN DYKE" DRAWING PENCILS 


The superior qualities of HI-DENSITY leads are best 
measured by the HI-DENSlTY LINE they produce: 


THE EBERHARD FABER DRAWING PENCIL 

A VI ATIUN, Miiy, IWS 


THE MICROTOMIC LEAD . . . U DEGREES ... AND C DEGREES ALSO WITH CHISEL POIHTS 



LawtaaM Auxiliaries servi 
looe-ran*e patrol bomber 


The developtneo* 

Amerita-s cargo 


(s adds efficiency 

tcansportanon of 


Sialking 

blimps, 
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ANOTHER VALUABLE CONTRIBUTION 
TO YOUR FILE OF 


Y OU know the trouble caused by the shortage 
of AN-667 and AN-668 Terminals — caused 
by the fact that nowhere is there sufficient ma- 
chine capacity for their relatively slow production. 

You know, too, the high percentage of Steel 
that is machined off — becomes scrap — in the 
production of AN-667 and AN-668 Terminals, 
another serious matter. This new folder gives 
complete data on TRU-LOC Aircraft Terminals, 


by means of which you can break both of these 
bottlenecks — without any change in design, di- 
mension or rating of your controls. 

These new Terminals are precisely interchange 
able with AN-667 and AN-668. Data in con- 
nection with them belongs with any collection of 
information on aircraft. 

To obtain a copy, write on your company’s 
letterhead to our Detroit office. 


AUTOMOTIVE AND AIRCRAFT DIVISION 

Dept. T, 6-235 General Motors Building, Detroit. Michigan 

AMERICAN CHAIN & CABLE COMPANY, INC. 

BRIDOEFORT, CONNECTICUT 
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Your factory’s grinding problem may be with the carbide tipped tools 

— or precision grinding of the cylindrical type 

— or surface grinding 

— or internal grinding 

Printed information on these subjects is a part of Norton Service — 
along with motion picture instruction, troining courses and engi- 
neering service. 

All these types of service are available wherever needed. 

What subject covered by any of the obove booklets is bothering 
you now? 


ABRASIVES AND 
GRINDING WHEELS 


>[.j; NORTON ABRASIVES 


190 
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5QUHRE □ COMPHNY 





^^GREENFIELD 


\\ oll-oqiiipjK’d factories in mass production 
industries do not select llieir gages hap- 
hazardiy or just Ijy cimnee. Tlieir gaging 
systems are coiiiiiletrly inlegrated and 
adapted to tlieir jiurticular nHiuiremenls. 
iiut no matter what a plant's gaging needs, 
all gaging systems should include at least 
three CuiidatiK'iilul features: 


WITH GAGES 



courage 

Wings . . . rudder ... a power plant and ' * 
man’s courage launched the conquest of 
the air. Years of research and develop- 
ment have brought the flying machine 
to its present high state of perfection. 

But, it took more than a flying machine 
to conquer the air. Electronic Vacuum 
tubes and radio communications have, 
perhaps, contributed more than any other 
this great achievement, 
and Aviation have been 
close companions for years. The inherent 
stamina, high performance and depend- 
ability of the Eimac 250T (illustrated) 
helped make air travel safe by fulfilling 
its important role in the key sockets of 
aircraft ground stations and instrument 
landing devices throughout the nation. 
Today the marriage of Eimac tubes and 
the Aviation industry has been made 
complete by the coopierative advance- 
ment of both industries concentrating 
on winning this war. 

Eimac and Aviation are together 
today to help win the war. They will stay 
together tomorrow to bring greater ad- 
vancement in peace. 

EITEL-MeCULLOUGH, (nc., San Bruno, Calif. 





AIRCRAFT FINISHES 



' No. 2 in a isrisi of Lab- 
orafory Dafa Sheah on 
Specification FinitKes. 

: Sava and fila these pages 
...or send for standard- 
size report forms punched 
to fit your binder. 


CONTROL LABORATORY DATA SHEET 





aroiina l/e" roii after alr-flr.vlna 
S4 hcura and taking et_170°-lS5° 



ai naaiw, thla aurfa9ar_lt. Ideal for aae oa nlmnocd aircraft es an 
aid Ic n bt«inih » a aiieath enrfBca. It ti MnafaoMrad frop elaar 
veMola naed In teator's Sealar, Snaalfleatlen 14113. thia eeablnaa 
t'-.e high »atar raalatanoa and daratllity of the aaalar »lth the 
«8sa of tandlnir ottelned fren th« addition af oiCTents and Inarta. 


• Write today for complete details on other Specification Finishes . . . 
and remember that our laboratory is at your service in the development 
of new and improved formulations to meet specific finishing protlems. 
Send for folder describing our modern production facilities. 


TESTOR CHEMICAL COMPANY. ROCKFORD. ILLINOIS. U.S. 


M. 


A. 
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Build Hangars, Shops, Barracks 


with Multiple-Function Celo-Sidingl 



CELD-amiNc 

Combines Siding, Sheathing, insulation — 
Saves Critical Materials, Time, Labor! 


able for horizontal or vertical appli- 
cation. All joints to be sealed with 
caulking compound. Mail the coupon 
for full information. 


OK temporar)- structures around 
an airplane factory or 
new, multiple-function 
offers many exclusive advantages. It 
combines siding, sheaebing, and in- 

vides its own exterior finish ! Applied 

and critical lum^. 

Celo-Siding is composed of cane 
fibre board, coated oo all sides with 
an asphalt compound. An C-Wra coat- 
ing is applied to the weather surface, 
into which are pressed crushed min- 
eral granules for permanent good ap- 
pearance and extra durability- Colors: 
brown, buff, or green. 


Units are thick and 2'x H’ or 4' 
X H-. y, and 10'. 2'x 8' has T&G joints 
on long edges. The A' widths have 
square edges all around. Each suit- 



ROOFING • INSULATING BOARD 
ROCK WOOL • GYPSUM WALL BOARD • LATH 
PLASTER • ACOUSTICAL PRODUCTS 

THE CELOTEX CORPORATION • CHICAGO 
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"BENDIX" 


LAHDIHB CEAg 


Because "BENDIX” Landing Gear can be adapted readily or re- 
designed without sacrificing the advantages of its basic principles nf 
operation, the plane inaiiufaclurers’ design problems arc greatly 
simplified. 

Bendix engineers work closely with the leading plane producers in 
working out problems of take-off and landing. Because Bendix con- 
siders all factors — including wing contours, weight restrictions, 
strength requirements, placement of struts for the most efficient 
retraction and flying performance, and minimum stopping require- 
ments — "BENDIX" Landing Gear is being specified on an ever 
increasing number of the ne^^ planes, 


“BENDIX" 
LANDING GEAR 



BENDIX PRODUCTS DIVISION 

Bendix Aviation Cerperatlen 
South Bend, Indiana 
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TRANSPORTATION~a vital war factor 

The effectiveness of our armed forces and civilians 
alike depends on the effciency of our transportation 


A tlic battle of Tunisia entered its final phases, vith 
tlie Britisli and .\mcrican forces joining Innids 
to crowd Roinnicl into his last fo.x liolc, Hitler and 
.Mnssoliui held their twclftli war-time meeting. 

One important purpose of tliis meeting, according 
to the Berlin radio, was tlic study of a s|xcially pre- 
pared ‘‘Snnev of Continental Rescrscs”. ’lopping this 
list of resources is the item of transportation. 

Hitler has a great many lic-adacUcs these days but. 
aecordiiig to no less an authority than the Reicfi Min 
i.stn of Economics, "the central prolslcm of the whole 
Gcnnaii war effort is transportation”- It is, in fact, the 
.\chilles' heel of Germany's War Machine. 

llic Nayis base become 
soberly conscious of its 
crncml importance and Mr. 

Ilitler must wince when he 
recalls the gigantic miscal- 
culations wliich led liim to 
neglect his railways. 

He counted on a short 
s\ar. not a long \sear-and- 

transportation crisis is get- 
fing nunc critical by the 
hour. It vyill pla\ a' sital 
part in its defeat. 


This i 


of 1 


This is the eleventh of n series of edito- 
rials appearing monthly in all McOrau - 
Hill publications, reaching more than 
one and one-half million readers, and 
in daily newspapers in New York. Chi- 
cago and Washington. D. C. They are 
dedicated to the purpose of telling the 


known method. c\ciy type of schicle hccomc.s essential, 
for no .single group of carriers, frciglit or )>asscngcr, can 
meet all out needs. 

Tlie railroads ojKncd the s ast resmirecs of onr nation 
and confimie to he the backbone of onr transportation 
system. Toclas’ thes- arc doing the greatest job in tlieir 
history. Thes' are hauling more tons of freight more 
miles than ever iK'forc— more Hian in 1941 and 
sSCr more than in 1918, peak vear of the first World 
War. Tlics' arc carrsing more passengers more miles 
tlian cser before — fiO'f more than in 1941 and 24'.'’ 
mote than in 1918. 'Hies- arc getting more work out of 
each car. each engine, and each mile of track than ever 
before. Prisatc operation of 
railroads is proving far 
note effective and efficient 
II this war than did gos ern- 
iicnt operation in the last 


II land- on sta and 
in the air. Riis.sia's 2,000 
mile battleline, R.,\.F.’s 
700 mile bombing laid.s, 

General Montgoiiicrv’s 
l.sOO mile advance last 

November and the vast area tliat constitutes the theatre 
of war in the Pacific make this fairlv obvious. 

Peace ss ill come when one side gets control over the 
world’s siippls' of fuel, oil and rnhlicr, for on these 
three critical materials depend all the scliicics of war — 
as well as of peace. 

An army used to travel on its stomach, ’fodas it 
travels on its fuel tank. 

On the home front, transportation is no less \il.il. 
Here it is essential in getting flic war \sorkcrs, their 
raw materials and their products, to and from the 
mines, mills and factories that snpplv onr armed forces 
and tho.se of our .\llics. ’Iransportation is a major factor 
in the nation’s ability to ont-prodnec ' ’’ 


' that each industry is playing 
effort and of informing the piihlic 
the magnificent war- production ac- 
'plishments of America's industries. 


In contrast to Hitler’s 
CcTiiiam. the iiianagets of 
the -\nicriean railroads bas e 
not neglected their plant 
cxcqjt where gosemment 
priorities forced them to do 
•so. ’I'licy arc turning in an 
unprecedented performance 
despite the long .starvation 
period to which they were 
subjected. During tlie first 
^^b^kl W'ar the total invest- 
ment in the .\mericim rail- 
road plant was about S18,- 
fiOO.OOD.OffO. Since then 
S12.on0.n00.000 have been spent nii iinprmcmcnts 
and after elcdnctuins for scrapped facilities tlie net 
iiicrca.se has been 58.000.000.000. Since the |5rcscnt war 
in Europe began the railroads have invested about 
51 .fAO.OOO.OOO in fiirtlicr improvements, main of them 
to meet speci.tl war needs. 

Convincing evidence of the railroads' flexibility in 
incvting the special needs of all-out war is their per- 
formance in coping with the movement of oil to the 
East Coast. In January 1942. one month following 
Pearl Harbor, tlic railroads delivered to the I'ia.st Coast 
In tank car less than 100.000 barrels daily. By De- 
cember they had stcp|3cd this up to more than ”40.000 
liarrcK and during the week ciidcrl .\pril T 194^ they 


iucragcd nsorc than 900.001) barrels per day. B\- the end 
of this s car thes’ arc shooting for the goal of one iiiillioii 
barrels a day. 

Unlike Germany we has’C not attempted to control 
the development and gross'th of motor transportation 
according to the “intuitions” of one man but base 
wisely left it in the hands of experienced competition, 
riiat is how our highway trans|>ortation system came 
into being. Growing public acceptance has made it an 
essential part of our national economy. 

Tire motor \ehicle, its limitations set onlv by the 
improved highway and the supply of fuel and rubber, 
has developed to undreamed of proportions. Up to a 
year ago private antomofailes consistently moved more 
[KOplc more miles than all public carriers combined. 
Buses luue become an accepted means of mass trans- 
portation. Local electric and interurl>an railwavs in 
many cases were converted to bus linc-s and trucks took 
over the local freight services. Under these improved 
operating conditions traffic volume increased. W'hcn 
the war in the Pacific made it necessary for ns to con- 
serve our supply of rubber and tire U-boat de])rcdations 
m the Atlantic throttled the flow of gasoline to the 
eastern seaboard, our motor transport was forced to 
grapple with the toughest problenr that ever had con- 
fronted it siirce it betaine so vital u factor in the ever\' 
day transportation. 

'Ihc “share-the-ride” idea recognizes the need of con- 
serving gas, oil and rubber. This particularly applies to 
buses, for wherever groups can be a.ssembled for a com- 
mon destination, buses can be used most effectively. 
The intercity bus performs for the rural areas the same 
service that the local bus renders for the residential 

Reorganization of railroad srliednles. adaptation of 
motor transport, rearrangement of working hours, ail 
have contributed to provide a flexible transportation 
service for men and materials to meet the critical needs 
of the war effort. Twenty thousand iiitercitv buses arc 
lianelling million ]xisscngcrs a year which is 69 per 
cent more than in 1 941 . 'llic fact that tirese buses cam- 
a relatively larger pcrcaitage of the total coach passen- 
ger business than their seating capacity would indicate 
sn^est.s that licrc. too. we arc getting’ a mote efficient 
use of these vehicles in tenns of passenger loads car- 
ried. It is fortunate to note that the geographic location 
of most intcrcih- bus lines docs not coincide with that 
of the railroads but rather sii)>plcinents it. 

The contribution which the urban transport indnstiy 
is making to the war effort becomes a)5parent w-iicn w'c 
consider that buses, trollcs' buses and .street cars today 
carry pas.sengcrs at a rate which promises to exceed the 
impressive total of 21 billions, as compared with IS 
billions in 1942 and an average of billions for the 
period 1936 to 1941. And this the industry is accom- 
plishing with a minimum of added equipment anti 
despite a serious drain on its manpower. 

The truck lines, too. are setting all-time records. 
Thes’ have rearranged their .schednfes, eliminated cir- 


cuitous routes and coordinated their services w ith those 
of other carriers. As this is written, contract truckers 
with the cooperation of the Office of Defense 'Ihsns- 
portation are trving to eliminate the cniptv- return trip. 

The tcansjsortatioii industry as a whole is face to 
face with the biggest job in its history. Increasing traf- 
fic loads, with little if any new equipment, difficulty in 
obtaining essential maintenance materials and a grow- 
ing shortage of manpower, combine to make it that. 
While fetleral authorities, acting through the Office of 
Defense Transportation, took prompt cognizance of 
this condition, froze equipment and otherwise acted 
to conserve the vehicles then in service, it was not pos- 
sible to add sufficient vehicles to keep pace with the 
increased traffic demand. However, the O.D.T. did 
lend impetus to the movement for staggering hours of 
work thereby spreading the peak loads and thus in- 
creasing the carrying )x)vvcr of existing fleets of vehicles 
in city senice. 

As we review the problems involved in meeting our 
transportation needs it is evident that we cannot de- 
pend upon new equipment alone for their solution. 
Lend-Lcasc is taking a considerable share of our much 
needed output of transportation equipment. The im- 
mediate job is lip to the rank and file of the transporta- 
tion indu.stries. It is up to their rcsourccfnlness and 
devotion to their job. The operating men out on tire 
road, the men in the shojjs who keep tlie equipment 
going, who make the most of the metals and other 
materials they can have, who salvage, conserve and 
economize . . . these are the men who must hear the 
burden of our war load. 

'nicirs is a dramatic story, a .story of cooperation and 
coordination ... of ever increasing capacitv on a shoe- 
string allowance of new equipment. 

I’or this is a war of movement. According to Joseph 
B. Eastman, Director of Defense 'Iransportation. both 
the passenger and the freight traffic on the railroads 
is to a large extent war traffic - the trans))ortation of 
troops and civilians on war business, the movement of 
food, raw materials and finished products rcqiiiretl for 
the pro.secntion of the war. As Mr. Eastman put it. 
delayed arrival of troops at embarkation ports, delayed 
delivery of vital war materials could even etmccivably 
mean the toss of men at the fighting front. .\nd what 
Director Eastman says of the railroads applies to all 
forms of transportation. Transportation by bus, by- 
street «r, by truck, by train, by shi]) and by' plane . . . 
all play a vital ]>art in the achievement of victory . . . 
on the home front and on the fighting front vvhicli 
relies upon it. 
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-EDITORIAL 


A Sermon in a Sfvan Song 


F beeikim rROM WAKT is eertamly a worthy objective, 
but it is exceedingly vague. Human beiiigB -will 
never be free from waul no matter how much they pos- 
86815. And this is fortunate, for complete freedom from 
waut would be accompanied by freedom from incentive. 
And then we would not remain free from -want very 

But we are still far from this ntopian ideal. 

Even now- we are toUl that present food shortages in 
the most prosperous country in the world are due to 
the fact that the lower one-third of the population is 
now able to have enough to eat because of wartime wages 
and employment. It is shocking to realize that it re- 
ijuiml a nia.ior war to keep a large segment of oiir popu- 

[t is both fitting and proper tliat we consider ways 
and means to provide the necessities of life and some 
of the Inxnrie.s of better living for our people after the 
war. But it is certain that we -will not attain this objec- 
tive by the destruction of individual initiative, as im- 
plied in the recent report of the National Resources 
Planning Board. The so-called partnerships between 
government and iudnstry have been tried and found 
wanting. The nightmare of pre-war nationalization in 
France, wliieh pushed airplane production down to a 
low of three planes per month, pi-oved conclusively that 
govenimelit ownership is not only inefficient but 
unworkable. The records of our own experiments in 
government-operated plants also should be examined by 
advocates of these partnerships. 

I p PWVATE INDUSTRY had fallen down on its job in 
this war there might be some sense in changing the 
machinery of production. But industry has performed 
miracles and can do as well after the war if there is a 
demand for its wares. It is therefore obvious that cor- 
rective measures should be applied not to production 
but to distribution. 

It is imperative that both government and indu.stry 
give some thought to this problem now. 

To criticize the recent report of the National Re- 
sources Planning Board may seem like beating a dead 
ihick — but the duck is far from dead. It is only dor- 
mant. The idea of nationalized industry will rise again 
under some other name. In fact, it may appear to be 
a solution to the problem of relief for a few communi- 
ties which are being built around plants which will 


have relatively little usefulness after the war. But 
this would only result in a superboondoggle which 
would make the WPA look like small-time business, 

A substantial proportion of the facilities of the avia- 
tion manufacturing industry is now controlled by the 
government. With profits oat to the bone and no pro- 
vision for postwar readjustment reserves in the con- 
tract renegotiations regulations, the industry would 
face grave handicaps after the war. It will neither be 
able to take over the government controlled faeilities 
nor will it be able to develop new products to utilize 
these facilities. 

I F WE ARE TO AVOID the totalitarian evils against which 
we are fighting, Congress must clear the way for 
industry to set aside funds for its own re-conversion. 
If this is done, as advocated wisely by the Truman 
Committee, the responsibility for the future of a great 
many people will be shifted .squarely to the shoulders 
of industry. 

The responsibility of finding new products and wider 
markets is one that cannot and must not be shirked, 
because the masses of the people will not take kindly 
to the reappearance of breadlines. It is also unrealistic 
to assume that the workers will build up sufficient per- 
sonal reserves to weather the adjustment period. 

Industrial postwar planning under a system of pri- 
vate enterprise is a job in which each unit of the in- 
dustry must work out its ovm salvation. The pride of 
some manufacturers may be hurt at thoughts of making 
such mundane products as metal window sashee, 
kitchen utensils, or prefabricated houses. Some may 
not adjust themselves easily to the unfamiliar fields of 
broad consumer market studies and merchandising. But 
if these ideas are distasteful, remember that the only 
insurance against the chaos of government ownership is 
to keep the workers working and to develop markets for 
tlie goods that they produce. What these goods are will 
be of secondary importance. 
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America at War 


all attacks 



Allies are new definitely on offensive, with air power spearheading 
. . . Axis commanders today face odds as iron fisted as those they ranged 
against Allies in early stages of war . . . Washington's green light 
to air generals sparks new multiple sky assaults. 


A UERtCAK and Bi-itisli air puwfi- lius reached i;reai 
strength in England in preparation fer assault on 
Nazi Europe. Maj. CJeii- Ira C. Baker, commander 
of tlie Britain-based United States Eighth Air Force, 
saj’s that American military aviation on the European 
front is just now coming up to equality with the RAF. 
It is quite likely that British air power alone is now 
superior to the entire aviation of Germany. RAP 
strength available for air battling over invasion points 
will be equal to, or superior to, whatever aviation the 
Luftwaffe can muster away from the Russian front, 
and other places, to meet the onslaught. 'When the 
United States air forces virtually double those of Eng- 
land, the odds against Germany will be something like 
that which the French and the Poles and the British 
had to face when they 'we first attacked by the Nazis’ 
dreadful Stukas and witch whistles. 

Air attacks on German cities by the Allied forces are 
now double the worst the Nazis were able to throw at 
London, Plymouth, and Coventry, The damage looks 


tremendous in reconnaissance photographs, as it is 
bound to be, compared with damage done to English 
cities. Militarily, it should be worse because the Allies 
are trying to hit production plants, water fronts, and 
transportation centers. 

But there is still very little visible evidence of weak- 
ness in the Nazis resulting from the air attack upon 
them, True, some shortages of supplies have been 
reported hindering them on the Russian front, but that 
might well be laid to transportation troubles not 
affected by Allied air attack. Men and munitions and 
supplies keep on coming against the Russians and 
against the British and Americans and French jn 
Africa, and they flow to all the thousand and one Nazi 
strongliolds throughout Europe. 

Despite constant attacks on German snbmarine works, 
undersea boats are still produced in sufficient numbers 
to seriously slow our expansions in England and in 
Africa, and most authorities say they will get worse 
this summer. We are getting most of our ships through 



and we are gaining weight against the enesny, yet rnir 
loss of life and property, witli the prolongation of war. 
must contimially nimiiit, 

Hnt though the evidence of Nazi weakness as a result 
of air attack is very little, viewing the whole war on 
land, sea. and air, there are two pertinent points to be 
noted on our credit side. One is that ilie (Tennan air 
force apjtears to eompetent oWrver.s on the front to 
be growing weaker. Tlie other ]ininl is that the wiiole 
gamut of Germany's production of tanks, gnus, ('-boats, 
snpplie.s. and all. may liave been curtailed and we 
wouldn’t know it yet. Maybe these tilings are still 


eoiniug out at tlii' Imsine.ss end of [he "pipeline" but 
are not going in as fast at the snppl.v end. 

When industry starts to pump weapons and food 
ilirougli supply channels toward the battle fronts, it 
lakes a long time to fill the pipe. We ourselves have 
just learned this from e.vperience. But maybe the 
|.roeess is now woi’king in reverse for tlie Nazis, as 
their iiulustr.v slows down under bombardment. A 
thousand units may still he coming out the front end, 
but pcrbiips only a comparative dozen are now going 
in ill tlie supjily end. 

I 7'inm (o lifisH .V86; 
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WA^TEU-A Aati«»nal 
Aviation Policv* 


By RALPH S. DAMON 

Pwident, Republic AyiaiiQn Cofpcrpfion 

Aircraft producers and airline operators are. It is pointed out, entitled 
to know now what postwor regulation they face, and the industry's 
counsel should be sought in the rule>making. 


M axv fkofle have clmil>c(l out on 
liiubs ID the coui'se of discussieg 
postwar America and the postwar 
world generally. In fact, the trees today 
are so full that I hnd it difficult to se- 
cure a limb for uivself, 

In all of the current discussions of Ibe 
postwar world, many of the subjects arc 
naturally purely problematiciil, bused 
upon suppositions which are military, 
geographical, political, and economic. 

Devoting any time today to the topic 
of postwar activities and conditions in- 
vites a possibly justified criticisiii. There 
are those who will say, ‘'Why so much 



postwar talk >Ylieii \re .still linve a war 
to winr I agree fully that, nltbmigli 
victory may be considered eerttiiii, there 

had news to take, anti dial nothing must 
interfere with our wiimiiig of the war. 
I all) assuming lliiu with tlie pinpev 
dedication of onrselve* to such hard 
woi'k and bad news, tlic war will liiive 
l>een concluded by tbe end of 19-H- 
Tbe ending will l>e due largely lo the 
overwhelming preponderance of the 
aviation effort uf the United Nations, 
which are now producing superior typee 
of fighting planes in ever supei’ior num- 
bers, Cuirently we are out-producing 
(he Axis in aircraft at the rale of three 


I and that ratio will be further 

increased before mid-summer. Combst 
l>ox scores attest to the superiority of 
our airplanes and the high quality of 
ihe fighting men who man them. 

With this victory there will come iui- 
pr>rtunl basic changes in the living hab- 
its of this country, changes wbicii will 
l;e priidnced by the de\’elopinent of the 
airplane in the course uf this war. 
These basic changes may he as great 
or greater limn those produced by the 
caual, railroad, automobile, or all uf 
them put together. 

The automobile, and the good roads 
progi'nm which made it possible, dras- 
tically I'cvalutionUed small town life. 
After this war, tlie airplnno is going to 
ciiange big city life just as drastically. 
Anil do snmething far more important 
— it will change small world life. What 
Ihe good roads did for the automobile, 

do for the aiiplane. We now have 25 
limes as many good airports as we had 
licforc tlie war. Many of them are in 


places won’t he remote any more. 

Not as an apology but as an e.vplan- 

who have wondered why so much post- 
war talk before peace has come again, 
consideration of postwar problems and 
cunditions is vitally necessary for the 
(iviatiun industry at this time if we are 
going to prevent n repetition of the 
situation which existed from the close 

It should be remembered tbst there 
were too few men then in the high seats 
of our government capable of eompre- 
hending the potentialities of aviation. 
A full appreciation of those potential- 
ities requires some faint semblance of 
imagination, and unfortunately imag- 
ination has never been one of the prime 
rec|uisites of a politician. 

Tm!a\'. while avi.stion enjoys the 
lilrssiiig uf being the fair-haired child of 
idl Ibe war industries, we in aviation 
are determined that there shall never 
again lie a recunence of Ihe condi- 


tions which existed prior to 1939. We 
are not erying in our beer but are sim- 
ply positive that if America is to have 
protection of air power, our aviation 

with siuiply mild detachment. 

It is shocking to recall, but it is a 
fact that for eight years prior to 1941 
we did not even have Assistant Secre- 
taries of War and Navy for Air. It 
sounds fantastic but it is true that early 
in 1939 some of the leading aircraft and 
engine companies were devoting much 
of their time and effort seeking new or- 
ders while they were just two steps 
ahead of the sheriff. 

In retrospect, it is all very ironic, 
Hert was the country which gave the 
World the airplane, and here-were the 
world’s greatest geronaotigal engineers 
and production men — yet as A nation 
there was not the faintest trace of a 
national air program. For years it was 
possible to count on your fingers the 
men in Washinglou who had some con- 
ception of tbe military and commercial 
power of the airplane. Tlint was the 
pioture of the manufacturing side of 

The picture of the other phase of 
aviation — transport — was better but 

still nut good. Although we had the 
will-id's best equipment, transport de- 
veto)iment in this country presented a 
paradoxical and sorry picture. Our air- 
lines, headed by capable executives and 
backed by good staffs, were being ham- 
strung by unimaginative men in Wash- 
ington — men who refused to coneede that 
II strong forward policy for aviation 

In 1938 Congress passed the Civil 
Aeronautics Act establishing the Civil 
Aeronautics Authority as an independ- 
ent agency. As such it subsequently ap- 
peared to be making excellent progi'cas 
nntil, by executive order, this agency 
was again subjugated to the same cabi- 
net otfice from which it had been 
emancipated bv Ihe act of Congress. 
Since this subjugation, tlie Civil Aero- 
nautics Board appears to have for- 
gotten that by the act of Congress it 
was created to "foster and develop.” 

nlnsivcly to the regulatorv' t\pu of ham- 
stringing regulations, wliieh older and 
more respected agencies would hesitate 


It would appenv that the board, com- 
posed of gentlemen who, while per- 
sonally estimable, are endeavoring to 
prove that a committee is n group of 
men who individually can do nothing 
but ns a committee can decide that 

Fur example, orders nein issued call- 
ing for recapture of essentially all the 
profits of individual airlines sim-e the 
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beginning of organization up to a given 
date, and while it is true that public 
indignation was so great that these 
orders have been modified so far as 
these particular recaptures are con- 
cerned. the board has never conceded 

first place. 

Another order, issued as recently as 
March, requires a certain airline to cut 
its promotion expenditures by 64 per- 
cent. In other words, the board, instead 
of remembering the words of the Act 
which created it to "foster and de- 
velop.” is endeavoring to become the 
mother-in-law to determine how many 
handkerchiefs you put in your pocket 
every morning. 

Mutt DisCHSt Postwar fleas 

Perhaps an explanation of such rul- 
ings lies in the typical fact that the most 
recent presidential appointment to this 
board is a "laine duck” Senator who, it 
is reliably reported, had never been in 
an airplane— had never flown up to the 
time of his appointment. When such 
a man becomes a member of the regu- 
latory body which can and has issued 
orders recapturing profits, and delv^ 
into detmls of expewo we appear to be 
having the same difficulties as those of 
Shakespeare's time, to which he so ably 
referred as "insolence of office". 

Because Ihe cries of the aviation in- 
dustry which have gone into the wilder- 
ness of Washington had not been an- 
swered. our airlines had, at the time we 
entered the war, only about 330 trans- 
port planes. 

It is for these and many other reasons 
that we in aviation are determined that 
constructive plans for our industry’s 
place in the postwar world must be dis- 
cussed now us well as later when the 
world leadei'S prepare a peace treaty. 
Never again will American aviation 
strive to prosper on a confused air pol- 
icy, since I believe that certain ele- 
ments of the adminustrntioii and tbe 

of the sliotlsighledness which was so 

Again to llmse who would protest 

aircraft company intending to survive 
the change-over frmii a war to peace- 
time operation. Unless this is done now. 
the time Ing ueecssni'y for development 
and operation would he practically dis- 
astrous when vieived coiiipetition-wise. 

It takes fully two years — frequently 
more — for the development of impor- 
tant type aireraft. This means that 
should our industry refrain from mak- 
ing any ndi'once plans until the lust 
enemy plane has heeii -shot down, those 
who oi'diniirilv use- ihe airlines come 
(7-mn lo p-tfc 402) 


118 



Alcan Highway ... 
Pioneered from the Air 


By ESTHER H. FORBES 

A land rout* into Alaiha, so Ien9 a viaion in men's minds, hos at last 
bean realized, strategy of world eenfliet having supplied the impetus. 
And today the global potentialities of this project are too great to 
be forecast. But though it took this war to launch it, the highway 
was actually founded in IS yr. of flying— as tellingly revealed here 


S nUflX'HiSG 1,600 ill. from Dnivsoii 
Creek. Canada, M Kairbanks, Alss- 
ka. the Alean Hijrliway vepre-'^enU one 
ol tlie greatest engineering feiila in his- 
tory, Begun hastily last February after 
Pearl Harbor had at lust brought home 
to this country the strategic importance 
of Alaska, tlie liighway ^vu^ olflrinlly 
opened just nine months later, cm Xov- 
ember 20, Actually, the construction 
work was done in less than six iiiunlhs, 
^ et the rtucia of the liighwny date 
hack 15 yr. In 102S. Donald McDon- 
ald, an engineer of the Alaska Koad 
Commission, began a fervent campaign 
for a highway to link the United States 
to Alaska, and he had been agitating 
persistently for one peer since. Tn 
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prove that a road was |irriel ic-able. he 
himself made extensive exjciorations 
along the mccLintains cen the Pacific 
Coast. 

Finally, in 11)30, fees. Hoover ap- 
pointee] a commission to make a recon- 
naissance study of a route from the 
Stale of Washington lo Fairbanks, but 
when the commission made its report 
three years later and proposed negotia- 
tions with the Canadian authorities, it 
was ignored. In 1938 another Amer- 
ican commission made further eturiies 
and tried to interest the military men 
of both coimlries in the proposal, but 
to no avail. Then suddenly the attack 
on Pearl Harbor brought a quick re- 
M]H'uing of negotiations, 


UeanwhiJe, a quite different group of 
men had, unwittingly, been blazing the 
trail for tbe highway. These were the 
Canadian hush flyers of the '20'a and 
’30’s. By their pioneering flights into 
uncharted lands of Northwest Canada, 
followed by establishment of landing 
and later full-fledged airflelds, 
they determined in outline the rvuite of 
the Alean Highwa.v. 

Since its birth In 1919, when the Air 
Board Act was passed, Canadian eom- 
mercial aviation has thrived on the 
transporlatioD of air cargo to and from 
remote spots, inaceasible except by air. 
-Milling developments have been its life 
blood, and many of the large mining 
projects in northern Canada have, in 
lilm. been made |ios-.ibte only by the 

Commercial airplanes carried pros- 
pectors on the search for tungsten, mer- 
cury, radium, gold, and oil on long 
flights, over vast uninhabited ivgiims, lo 
stake out claims. They traii'.ported men 
and materials for the development of 
the newly discovered mines. And, fin- 
ally, they carried the metals back to the 
railheads, which were usually hundreds 
of miles away, 
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It is quite natural, therefore, that the 
first flights into Canada's Northwest 
Territories should have been made as 
explorations for mining companies. In 
1928, C. H. “Punch” Diekins, then a 
pilot for Western Canada Airways and 
now vice-president and general manager 
of Canadian Pacific Airlines, on a char- 
ter flight for a well-known mining eiee- 
utive piloted the first plane over the 
barren lands of tbe Northwest Terri- 
tories. mapping large areas of these 
regions and charting air lanes over 
4,000 mi. of wilderness never seen be- 
fore. 

In 1030, Mr, Diekins flew the first 
prospectors to Great Bear laike to what 
is now the United Nations' sole source 
of radinm. And in 1935 he piloted the 
Canadian Deputy Minister of Mines on 
a 10,000-mi. survey of northern mineral 
lands. More recently other pioneers 
have carried other prospeetors to new 
northern mining fields, one of which 
proved to be the richest mercury de- 
posit in the British Empire. 

Undaunted by tbe sub-zero weather 
ot the northwest winters, tliese pion- 
eeis flew nil year round, e,stablishing air 
routes ami services and then flying on 
to new lands- In summer they used 
floats and operated from lakes or from 
the many large rivers of the north. 
Then in winter they changed to skis 
and landed on the thickly frozen ice. 

Where they found a particularly 
favorable stretch of water they would 
build a wharf and come back to it on 
their next trips. In addition, they cleared 
away landing strips for land planes in 
a iiiiuiber of remote areas. These land- 
ing strip.s proved priceless in tbe con- 
struction of the Alean Highway. 

BecBu.se the airplane was the only 
means of transportation in most of 



C. P. “PuDch" Dlekeis, vice-presidcDt and 
general manaier, Caxudiaa Pacific Air- 
liaea. In 1928-'29. be blazed the trail Is 
Great Bear Lake and Aklavik. 


northern Canada, it had become u com- 
monplace even by 1933. when flying 
was still not entirely accepted in the 
more populated districts lo the south. 
The Eskimos, meehanieally minded in 
tbe extreme. Cook to the airplane like 
ducks to water. Often, after watching 
a pilot tinker with an engine for only 
a few minutes, some of them would 
step right in and do what they could to 
help fix it. although they had ncier 
.seen a plane before. 


Assisting in mining developments 
was not the only activity of the early 
hush fliers, however. As early as 1927 
Yukon Airways and Exploration Co. 
was operating a passenger and mail 
service between Whitehorse, Dawson, 
Mayo, and Keno, Yukon Territo^, and 
another between Careross, Y, T., and 
Atlin, British Columbia. 

In 1929, Mr. Diekins flew across the 
Arctic Circle and on July 1 brought his 
plane down at Aklavik, a few hundred 
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Twln-eagl'** transports of Caoadiao Pacific snd Trsns'Csnads now ply between bsses 
hacked out ol wilderness all the way north to Alaska. Incideolally. Berlin is as close to 
Nome as to New York. 


miles south of the North Pole, thus be- 
comiog tbe first man to reach this ^re- 
tie Ocean seaport by air, As a result 
of the flight he received a mail contract 
a few months later to fly six times a 
year from McMurray, Alberta, to Akla- 
vik. Even more important, he opened 
up the fur trade to air transport. Since 
then the airplane has practically re- 
placed the dog sled and eanoe in tbe 
delivery of furs to market. 

In tbe late 20's planes were also be- 
ginning to fly fish, from the lakes of 
northern Alberta — to be served in Chi- 
cago restaurants within 48 hr. of the 
time they were caught. 

Flying Bah from one of thewe bikes 
was a voung pilot who was Co have a 
great inlluence on the development of 
aviation in Canada and on the build- 
ing of the Alcan Highway — Grant JIc- 
Conachie. Starting with a one-man, 
one-plane airline in 1930. Mr. McCona- 


ada that his plane was needed, and came 
to know and love the country. And the 


more be traveled over the beautiful 
northwest country, the more he rcaliiced 
its potentialities as an air “bridge" to 

Accordingly, ho set about to find the 
best route for the first lap of the bridge, 
from the Peace River region to the 
Yukon and Alaska, Backed by a min- 
ing prospector, he made charter flights 
to the Yukon during 1934 and 1933. 
At first be tried heading north from 
Prince Rupert along the coast of Brit- 
ish Columbia but was farced inland 
by the prevailing fogs. Finding the 
flying conditions still poor, he explored 
llic Finlay Valley further inland, but 
here, tbough the weather was good, the 
couniTy offered no suitable landing 
places. 

-Again, be moved east and started fly- 
ing from Fort St. John north to Port 
Nelson, then west along the Valley of 
the Liard to Whitehorse. In 1937, Mr. 
MeConachie inaugurated a regularly 
scheduled air mail and passenger serv- 
ice along this route from Edmonton, 




Allierla. to Whitehorse. By 1938, his 
company, reorganized as Yukon South- 
ern Air Ti’ansport, was operating 13 
planes into British Columbia and tbe 

Karly in bis career Mr. MeConachie 
had learned the advantages of land 
planes, chief of which is their useful- 
ne.-s in all seasons, provided the fields 
c.m be kept clear, The ski-float planes 
which had performed such yeoman serv- 
ice in the preliminary pioneering have 
the disadvantage of being forced out of 
use for about six weeks during the 
spring thaws and for another six weeks, 
during the freeze-up in the fall. As 
soon as possible, therefore, Mr. McCona- 
chie set to work building suitable 
landing fields. The first was established 
in 1938 at Port St. John, with others 
!-oon following at Nelson and Watson 
Lake en route. In tbe spring of 1940, 
Yukon Southern abandoned floats and 
skis entirely and mounted wheels. 

Because of these landing fields, which 
can lie used the year round, Yukon 
Southern’s route fipm Port St. John 
to 'Wliitehorse— and thence to Fairbanks 
via the route formerly surveyed and 
recommended by the American Commis- 
sion — was the one finally chosen for the 
Alcan Highway. Our Army Perrj' 
Conimand was already using the route 
ITurn to page 401) 


Craft like this Fairchild 82, along with 
Bcllanca Pacemakers and ,4ir6asea. Fair- 
child Tl's lad Noorduyn Norsemen, blazed 
the way for airfields and larger planes. 
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THE KOUSMAN SENSITIVE AIRSPEED INDICATOR, «i(J 
for dose luiigalioii am! precision bombing, has a 
iMige of 700 w.p.b., onJ can be read to idlbiii a jew 
miles per hour a! any speed. 


"COMPARED TO THIS OCEAN-HOPPING, 

flying a ttansport over the Bloc Ridge was 
duck soup. All you did then w.is hang 
onto J beam. But, brotlier, it’s different 
now. There aren't many signposts on the 
way to Africa except the dials on your 
instrument panel. And when there's noth- 
ing in sight but salt w.itcr, those dials 
are mighty comforting. 

"After the war, I guess Ml be back be- 
hind the wheel of a passenger plane 
again but I'll probably still he flying by 


non-stop from coast-to-coast. Well — as 
long as I vc got instruments I can depend 
on, I’ll say that’s the way to get there." 


WHAT TOMORROW’S PLANES will look li 
or how they will perjorm, we 
exactly know. But ue do 
KoUsman research engineers are 
sfanriy planning and developing net 
better precision iiircrajt 


iir 





Flight Testing Is a Sound Business 

Part It .. . Tralaiag Plight Test Cr««r« 


By EDMUND T. ALLEN 

CenNnuinq the distinguished test pilot's $i9nifieont three-port series, 
this second article deals with training systems and the equipment 
required ter maintaining a flight test staff. 


I N' ’niK NOT TOO OISTAN'T I’AS'r, «ur- 
ricaU iit ihe miiiiy jievonautitT;il 
schools were hIuiiisI (ievoitl of those sal>- 
jecU whicli ivuulc! particularly Bt u 
mac for positiou of flight eogineer or 
iostrumentation engineer ia a large 
flight lest organization. Most of the 
iiltention, in the past, was devoted to 
iierndynaniic suli.ieels, «-itii an adequate 
iiniounl of wind tunnel technique and 
ilctuited design imd layout work. 

So toy some time ni>w iiii'cratt com- 
panies liiiee found it iuevcusiugly didi. 
eiilt to si-eiire (fradmite iievoiinutieiil eii. 
gineers. a aradiiate cngineri- 

requires im extensive Iriiinilig period 
111 Ht him for the Joli of a flight lest 
engineer. 

In l!)4], realizing the shortage of 
men pniperly leiiined for this type of 
work, the I^oeing Airerul't Co. initiated 
a survey nmoug 18 colleges and 25 
manufacturing concerns. This survey 
was partially successful aud a cooperii- 
tire program was wnrkeii out at that 


lime 'which since has aided ^iilKtanlially 
ill providing aircraft maniifaetiirers 
with a few traiuetl fliglit lest engineers. 

Meanwhile, it has been niicessary for 
the flight and aerodynamics dep,irtment 
to train the personnel required to con- 
duct the extensive high altitude re- 
search program for the past three year's. 

Flight test crew training at Boeing 
is simple, direct, and to tlie point. It 
instills in the new men the ba.sic prin- 
ciples of the organizntiun (n« outlineil 
in Part 1 of this series, April Avia- 
tion). discipline, self-reliance, self- 
control. safety and efficiency. Secondly, 
it results in attainment of a proflcicncy 
in specific procedure. 

Before a new man is hired for a flight 
test crew, lie is given ii thorough physi- 
cal check. The doctor making »uoh an 
examination should be intimately con- 
vei-sanl with the physiology of high alli- 
liide flying, flight crew iiiiiiiitciiance 
iiietlioda, and the latc.-t iiifornialion re- 
garding aeroniedieiiie. which has been 


I'Volvcd in the coinparalivc short space 
of lime that high altitude flying has 
lieen )jraetiocd. 

Ilaviug successfully passed a medical 
examination, the new crew member eii* 
Id's the Hret phase of training hy 
attending an intensive two week course 
at Boeing's Kngineei'ing School. Op- 
crateil under the auspices of tlic Kngi- 
nceriiig Division, the coni-sc i- designed 
to familiarize new employees with the 
organizational scheme, engineering 
drafting procedures, and actual prac- 
tice in drafting problems. Newly hired 
men for the i-egnlnr Engineering Divi- 
sion continue this schooling for an addi- 
tional two weeks. The flight test engi- 
neeis leave, after the two-weeks iiidoe- 
ti'iimlion period, to attend the Boeiin; 
flight lest engineering school. 

Prior to tile beginning of siivli classc-, 
new men are given a tour of the enfii'v 
maiiufiicfuring facilities of the plants, 
the operations centers, the wind Ittiitiel 
facilities, model shop, and tiioek-ups, lo 
I'aniiliarize (hem with some of the ae- 
livilies with which they may he eoii- 
cemed at a later time. It has been fouml 
liial a general familiarit.v with Die 
c-oiii|iaiiy iiiiisl lie obtained during Dm 
iraiiiiiig period, because time may Dcver 
be available for this later, 

Tiie flight test engineering school is 
designed primni'ily for .junior flight 


lest eiigiiiccr.s. The corrieubi. Iiowcver, 
.'lie siillieieiilly broad that .iiinior iiisirii. 
mciilalion engineers, junior analysis 
viiginvers, even pilots ami copilots, niay 
lu'iifilably iiltond lliesc elassses. Pri- 
marily, the schooling is divided iiilo 
sections. Die lirsl comprised of 15 Ice- 
iiires extending over a two week periad, 
.V detailed outline of the lei-liire siili- 
.ieets is prcsenleii herewith. 

The general leetures ate 1',, Honed by 
sceeu full-clay lectures dealing with the 
Boeing l■'hliHy Furlrcsn, on n liivli lliglit 
li'.'t resemvli is conducted. This I hiiiiy 
I-'i.rlrcaa course includes actual piaeiied 
ill various operational |)i'ocedurps, 
faiiiiliarizalion with Die kinds and 
viii'ieties of eijuipinent used lor lealiiig, 
iiiul oral and wTitten examinalioiis. In- 
siriii-tais ai-e men who eiiiTeiilly serve 
III flight engineering oiipaeiiies in the 
oi'gaiiizuliiiil, making lor ea.se of ac. 
C|iiaintaiieeship between Die cNperieiived 
aiul the new personnel. 

.tside from soliooliog new men on 
their duties in flight ri‘spareh, the imloe- 
li'inalion period iueliules ii cousideralde 
aimuuit of lime devoted la safety pro- 
vedures nt high nltilmle. .\t the time 
llie flight test department was organizctl. 
for the purpose of high altitude re 
search, little was known about the 
sfratosphere and the factors which 
limitefl maii'a actions in that region. 
Cerlniii I'lilee ami rcgnletions were laid 
clown, anil they ai'e cln.sely adherei) to hy 
all i-i'i'w meiiihei's. Each man miis| 
('/■urn Ifi pnge 417) 
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Aviation’s 
Postwar Portents 


By H. L. FEDBRMAN 


iKV APPfuiSAL of tbe aviation indun- 
r\ try's postwar onllook must rceng- 
ni*c llic gnvfmuienl ns a key factor. 
I'ederal policies will iloniinate the eouric 
and future development of both the air- 
eraft manufaeturing and air transpor- 
tation groups. Move than the measures 
taken to iiiiplenient any intei-uatioiisl 
role undertaken hy our country arc in- 
volved. Fact is that the actual status 
of the individual aviation units will be 
at stake. 

The government — tbrougli the De- 
fense Plant Corp., Recon>ti-netion Fi- 
nani'C Corp. subsidiary — lias invested 
ahoul .$2,057,000,000 in 305 plants fgr 
the piodiiolinn and maniitacture of air- 
planes, airplniie engiues, parts, instni- 
tiients, and accessories. This amount ex- 
ceeds by a wide iiiai'gin the entire rt‘- 
souvee.s privately owne<l hy the ten 
largest aircraft companie.- In the indus- 
tiy. And each of these ten units is a 
manufacturing giant capable of pro- 
ducing planes in substantial tiuantities. 

Praieals a Chslleaw 

The problem presents itself as to what 
will he done with the.se extensive air- 
craft properties owned hy the govem- 
nient. This tremendous productive ca- 
pacity will have considerable utility and 
it presents a challenge that can hardly 
be ignored. 

Most of tliese airereft facilities owned 
by Defense Plant Corp. and leased to 
private companies, carry a OO-dav post- 
war purchose clause option. In other 
words, the aircraft units can. if they 
so desire, elect In purchase any plants 
under their operation at prices to be 
agreed upon. Outwardly, this appears 
to be a fair proposal, but the actual 
tran.silion will most likely be more in- 

First of all, will the aircraft industry, 
in the postwar world, have a sufScienI 
volume of business to occupy its pres- 
ently-owned pinnts? Then, will the es- 
tablishment of values to be paid for the 
government plants he a simple process? 

And after these first two obstacles 
have been hurdled, where will the in- 
dustry obtain the billions tn finance 
these purchaseaf 

It is evident that the process of un- 
winding the government’s stake in the 
aircraft industry — and for that matter, 
in other industries as well — will he an 
intricate one. In this connection, it is 
difficult to overlook the implications that 

l-iO 


may be present in ilic* 5ecnn*ty. IVerk, 
«nd Relief PobVicc report recently is- 
sued by the Nntion.ll Resources Plan- 
ning Board, Signilicant was the ob- 
servation and recommendation that the 
government — 

“. . . . is already caking ;i consider- 
able part in the nianagemciil of the 
many war indnsliues whicli have iieen 
greatl.v expanded by the use of govern- 
luent funds, Coiisideration should be 
given to the desirability of various tj’pt- 
of partnerehip (supporting data uii- 
r|uestiouabIy includes the .lirvrnft in- 
dustry — Editor). Governmeiil has a di- 
rect responsibility and should partici- 
pate in the decisions as to what areas 
and wiint concerns sliorild eonlimic tn 
operate in these indnstries." 

This proposal of mixed pnrluprs|iii)^ 
— as part of a broad over-all economic 
program — will, if implemented, most 
certainly change the course of the air- 
craft indiistiw. 

In passing, it can be noted that while 
not a party to the NRPB report, Hie 
executive vice-presidenl of Defense 
Plant Corp. i.s reported aa a visitor at 
meetings held by the government plan- 
ning agency. (Dbviously, this type of 
association is hardly conclusive, and in 
all faime.ss no positive assertions can 
be drawn that the DPC is in accord 
with the suggested program. But it is 
true that this key government agency 
is definitely aware of the proposals of 
the admini.stmtion’s potent planning 

Moat reassuring to those who believe 
in an independently-managed aircraft 
industry, were the remarks of .Tease 


POSTWAR CONTINGENCY RESERVES 
Repratenlfltive Aircraft Compantas 


UniMl Afraraft Corp . . . 


SARRON'S STOCK AVERAGES 

.ttrerafu Trsnaporta Stoeke 



• N'ew bipli ter IW3. 


Jones, cbaiimBU of Defense Plant Uorp. 
Id a particularly significant talk, Mr. 
Jones stated t 

''Intematioiial aviation will be one of 
our big problems. In tlie field of eco- 
nomica, and in tlie even more touchy re- 
iafioDship hetween nations, postwar 
aviation will be something we must face 
frankly and wisely. . . . 

*'Rrtr/fte rnpitul iciU have the oppor- 
litaitti of replaeing gorenimenl finanr- 
ing. <in/i prirnte initintire should Inks 
up u’Acrp govsnipioiit leures off." 
(Ilnlics niira.) 

This statement from lire ehairman of 
the agency whic.li will probably control 
(he iiitimate dUpoeitjoii of these gov- 
emraent-owne>l plants, hardl.v denotes 
an era of a goveniiueiit operated air- 
craft indnstiy. 

Ironically, the- exleiisive partieipa 
fion of the inoi-rnnient in aircrai'l 
planLs. aud Ihe problems these coinniit- 
nients pose. iepre>ent an outgroulli of 
the policies pursued to .solve the difli 
culties facing the aircraft huililers in 
earlier day'. It may be recalled that 
when the imlusIrV' embarked upon it' 
huge expansion program — primarily 
from 1939 through 1041 — private ca|i 
ilal could hardly be expected to siippl.i' 
all the necessary funds rec|uivpil. The 
major stumbling bhwk was the risk in- 
volred. War-inspired expansion rarely 
has sny sound pornianent ceononiie 
utility. 

lienee, uiiiiiagemeul and capital lioMi 
looked to the goverumeut for the ex- 
traordinary financial support rff|uii'cd 
to fulfill the scope of niveraft produc- 
tion demanded. With lliis aid. the in 
dustry has avoided the onerous himlen 
of permnuent plants aud facilities wliose 
utilisation is of a temporary nature and 
thus allayed much of the suspcmlcc] ap 
prehension of tlic investing public. 

Property Aeeeaats Decline 

As a matter of fact, despite moiiniing 
production aehedulea. the aetiial nel 
property iiiveafmeni iircouiils of mnny 
leading aircraft comjjanies have actually 
started to decline. For example, the 
Glenn L. Marlin Co., ns of Dec. 31. 
1942, shows a net property account of 
$(i,058,4R7, which represeiifs a reduc- 
tion from the $7,480,542 reported a year 
earlier. Examination of comparative 
lialance sheets for other rompnnies dis- 
closes a similiar tveml. 

This is another luauifcstatiou of the 
constant strengthening of the finaiieini 
stnietiires of the aircraft builders. 
Througli heavy depreciation and nmor- 
liaatioii charges, llie plant investments 
are gradually being reduced, This 
merely means that the aircraft indus- 
try is constantly lessening the .ieopardi- 
of being liutdened with excess maiiu 
faemring plant at Ihe conelu'iiui of 
I Turn In page 400) 
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Factors and Flaws 
Of Contract Renegotiation 


By RAYMOND L. HOADLEY 

Finentiot Editor, "Aviation" 

Congress intends to "smock down" World War II wor-protit ghosts before 
they con arise. But pointed questions ore raised regarding renegotiation 
before exeess^rofifs foxes, impairmenf of reserves for fhe future, loch 
of o board of review, and of o true administrative "yardstick." 


O x Fkii. 10, 1943 the gluwt of World 
War I walked again. On that day 
u decision was h.inded down by the 
Supreme C.iurt in a suit iiislitiiccd 20 
yr, ago by the rniled States government 
t<i recover wliat it called '‘uneonscion- 
able" pixilit' made Iwick in 3918 by a 
company lioldiug shipbuilding contracts. 
The company won— but it took those 20 
yr. ill gel the final verdict. 

This time Congre-K is determined to 
'i-tllc the business of war profits while 
Ihe war is still on. insleail of in 19H.3, 
Consequeiilly, it adopted a policy of 
blanket mid unlimUed renegotiation of 
ail wai‘ contracts just a year ago. 

When this renegotiation low was 
enacted, no one knew— nor could they 
know — limv the aivernfl maunfneturers 
would fare under such a broad statute 
which laid ilo«-n no specific standards 
to go by. But it wos realized that Fncle 
Sam had begun to tahe a double-bar- 
reled shot at stockholders earnings — i.e„ 
the well kiiowii tax barrel and n new 
renegotialioii liarrel. 

•\s a result of the protests that fol- 
lowed passage of this law, Congress 
modified it a bit last fall And fhe four 
price ndju.'lment Iioards .set up to ad- 
minister the aet li.v the Aniiy, Navy, 
Maritime Commission, and the 'Treasury, 
respectively, have recently issued a joint 
statement of policy. 

Effeeti of Cealrel 

Yet most of the aircraft industry still 
feels today that the net has its glaring 
defects. And only Congress can entirely 
remedy the situation, since it seems tn 
lie a case of a bad law, albeit ably ad- 
ministered in many respects. 

Here are some of the baneful effects 
of such a sweeping discretionary con- 
trol over wartime profits ns many air- 
craft financial men see it: 

First, the law calls for renegotiation 
of contracts before rather tlinn after 
excess profits taxes. Such control seems 
•uperfluous to many observera when 
iionn.ll corporate income taxes and sur- 
taxes take 40 percent of all earnings 


and liic excess profits lux follows along 
to take 80 percent of surplus wartime 
earnings. .Vcluall.v, some eoiitend, re- 
negotiation liei'oi'e taxes i' simply ,i 
device fur assisting Ihe Trcii'iiry in Ihe 
tuisiness of collecting taxes. 


Ranegotiating Tips 

b lor iKi. IKINC ihr riiniplevl- 
lie? Ilf reuegixiation, 'ays .Author 

jirriie helpful 

luliniiality Hith the piicc adjusinieni 
iioarde. Tn Iianil tiniin opinions and 
Jeci'inii- nf iliis nainrr is the role of 

criinieiil negotiators, 
c Keuivmber that the ivnrk of llie uc. 
eoinitant is auxiliary. Brief? rhoiilJ 

also husineas facts, null a.? inventive 
rontrihiilion?, efficiency, eroiioniy of 
uperation, speed of deliveries, use of 
palenis. and risks imderlakcn to 01) 
giivermiicnl ronlrarts. And don’t be 

o It does not )ielp to iiriiig a)ong a 
policicu) lawyer or a lawyer tvlio baa 
»rt hinisrlf np as a specidist in rene- 
golialion ulien you cume liefore a 
board. Board officials cite some in- 
stances where eases that could have 
Iieen settled in IS min. have taken four 
weeks or mote with “lawyer-accoinpan- 
imeiil"' with nothing beneficial ac- 
complished by the polilical lawyer or 
specialist. 


Anuuul reports of the war munufuc- 
turers show that, despite dnubled and 
tripled production, stockholders are re- 
ceiving less than they have in previous 
years before renegotiation, 

Donald W. Dougins, president of 
Douglas Aircraft Co., which renUs 
prominently in value of war eontracts, 
asserts that cost-plua-fixcd-fco contracts 
with the Army and Navy are effective 
guarantees against war profiteering. 
This type of rigid, self-limiting con- 


iriict, in addition In large iiierc.iscs in 
luxes, reduced Diuiglas profit' nearly 40 
percent in its first iv.ir year. The mar- 
gin of profit wa.s only 2.2 iiercent nn 
total sales in 3942. 

But there is even more .'tromious ob- 
.icetion over the iiiid that the price 
iidjustmciit hoards give little or no con- 
'iilonitinn to the aircraft industry’s need 
to achieve a strong po'twar position. 
Where do the boards slum! on this uuea- 

Board's Viewpoint 

One of llie priiieiples lliat govern 
thC'O boards is that “a eontractor's right 
to a reasonable profit and his need for 
working capital should be distinguished. 
A contractor should not be allowed to 
earn excess profits on wav contract' 
merely because ho lacks adequate work- 
ing capital in relation to a greatly in- 
ereased volume of business,” 

An aircraft olTieial recently naked a 
high official on the Navy price adjust- 
ment hoard if hi.s company would get 
any consideration in renegotiation for 
peacetime reserves, separation pay for 
its war employees, etc. The reply was 
tliat the boards “ennnot take any ofiicial 
cognizance of these matters." 

In fact the official attitude, believe il 
or not, towards postwar reserves is: (1) 
Tliat the necessity for conversion may 
never arise; 12) that the nature, eosl. 
and extent of coiiveisiou is too “eon- 
jeeturul” at this time: and (3) that the 
unknown duration of fhe war precludes 
any accurate estimate of the money thal 
will be needed in the transition to peace- 
time products. 

Yet it cannot be said that Anuy and 
Navy officials are entirely unaware of 
industry’s postwar problems. Plans are 
reported under way to lihevalize the 
termination clause of war contracts. 
These officials also expressed approval 
Inst year of the 10 percent postwar re- 
fund of excess profits taxes provided by 
the last Congress, 

The heavy consumer goods industries 
(Turn to page SP8) 
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OOD>^EAR 

AIRCRAFT 


Blazing in the Skies 


HOW GOODYEAR AIRCRAFT 
CORPORATION SERVES IN 
AERONAUTICS 

1 • Ry kuiUing pans to vianii- 
faclurm’ sptcipcatkm. 

2. By dtsipiisg parts for all 
types of planes. 

3. By re-engineering pans for 
mass production. 

4. By extending our research 
facilitiestoaidthisolulion of any 
design or constmction problem. 

5. By building airshipa and air- 
planes for the government. 


* “ i, fcnied p»- 

’ “ "'t •' 
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As wonderful as today’s planes 
are the aviation industry is still in its 
infancy. Aviation engineers who are 
responsible for bearing selection, appli- 
cation and performance can profitably 
review the trend of the use of Timken 
Bearings from the early days of other 
industries until those industries grew 
into maturity. 


Briefly it is as follows: 

Without e.xteption the number of Timken Bearings used in 
modern models or equipment is several times the number of 
Timken Bearings used when first applied. This happened 
with automobiles, trucks, tractors, farm implements, paper 
mills, printing presses, machine tools — in fact, nearly 50 
major industries. 

While it is true the aviation industry is "different”, it is also 
true that steel mills are different from machine tools, and that 
automobiles are different from printing presses. Moreover, 
the functions of Timken Bearings in any industry are the 
same; included are load carrying both radial and thrust, 
elimination of friction, the holding of shafts, gears and wheels 
in alignment. Furthermore, the Timken Bearing and the 
engineering-manufacturing facilities behind it have amply 
demonstrated their ability to meet the special conditions in- 
herent in every industry. 

This information is worthy of your most earnest considera- 
tion • - • and, your conclusions can be profitably applied 
to the designs you contemplate building in the future. 
The Timken Roller Bearing Company, Canton, Ohio. 

“ALL THERE IS IN BEARINGS” 


TIMKEN 

TAPim ToUiit BiARim 
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By E. EUGENE MILLER 

Managing Editor, "Ariathii" 

Here is the first part-by-part study of a leading American warplane, 
revealing hitherto undisclosed technical details of the famous P-39 
fighter and arranged for engineering reference. 


TAi.s!” siiid Larry Bell in his 
** arliclt in lh« July, 1941. 
Aviatiox, descrihiiig the design piiilosii- 
phy of llie Bell P-39 Airacobrn. 

The I’undumentals were first, fire- 
power; second, good pilot visibility; end 
third, good landing and ground eharjic- 
Icristics. And titesc euginerriiig uh- 
.ieetives were to be over and beyonil 
ordinary fighter characteristics such ns 
speed, maneuverability, and pilot pro- 
tection — built into the Airacobra ns a 
matter of fundamental “fundamentals”. 

The “over and heyond” weie achieved 


in a single riiginecring stroke, i.e., lo- 
cating the engine behind the pilot and 
transniitliiig its power through a drive 
siiuft to a propeller gear box in the 
nose. Result: Firepower to spare! A 
37-mm. cannon installation and two .50- 
rnl. machine guns iu the nose in addi- 
tion to multiple wing gun installations, 
.\nli.taiik. iinti-himilier, anti-ground 
transport, nnli-shipping armament I 
Anti-figlitCT? — the record says it's tops! 

Visiljility is excellent. With engine 
liehind am! below his head level, the 
pilot cun .see in all lUreetions with a 
niinimntn of oltstvuolion. 


Tlie answer to safe high-speed land- 
ings and iiiipnivesl ground handling 
ehariietcristics is a tricycle landing gear. 
To date, no one has engineered a re- 
tracting nose wheel into an engine eom- 
partment. This may nut he impossible, 
hut it was not neeesstiry in the Aira- 
robrn with llie engine out of the way. 

The isoiiote drive installation is the 
most obvious design chnnicteiislic of 
the Airncobra. But I-arry Bell, Bob 
AVoods, eliicf design engineer, and Har- 
land M. Foyer, director of engineering, 
have not mustered theirs’ and their 
>taSs' brilliant talents to rest on this 


a<‘liievement alone. The .Uracobru is 
un outstanding design and engineering 
achievement from stem 'to stern. One 
way to demoiislrate this is to lake it 
apart and look it over, 

The fuselage is comprised of two 
spliced sections known as the "toi’ward” 
and “aft" fuselage*. 

The forward section is the strnctural 
focal point uf the 4mieobi« and where 
its liesign philosophy takes eoneretc 

Integrally it comprises the major por- 
tion of the whole fuselage and enntaius 
the eenlev wing section, engine bed. 
extension shaft and propeller gear re- 
duction assembly mounts, principal 
jirmament mounts, noae wheel sttaeh- 
iiieiit fltliiigx, and aiipporls and bmekeU- 
for myriad engine accessories — fuel, 
lubricating, oxygen, ventilating, eoutisil, 
cleeti’ieai and hydvnulie assemblies. To 
it are fastened the outer wing.-, pilol’- 


('.ibiii, engine luid ncresaorics, cxieiisioii 
siiaft and vciluelion gear bo.x, heavier 
nnnameui and ammunition iiiagnziiies. 
oil and l’i*eat(>nc cooling systems, nose 
wheel assembly, and aft fuselage. 



Lawrence D. Bell, 

President et the Bell Aircraft Carp. 


.V section of »ur|i impressive function 
inual be of rugged, multi-]>urpo*e eoii- 
slruetiou. It consists principally of two 
huilL-u[i longitiuliiiol beams which arc 
cradle sliapc in p:Mfile. Faeli bcant is 
made of extruded alnminnm alloy angle 
sections tied with virtually solid, heavily 
reinfoiMcd alumintini webbing. Outboard 
shape is imparted tiirough A series of 
formed aluminum hulkhends. However, 
rwo of the.se i)ulkheads. located where 
the center wing sectirm is tied in, arc 
steel ctistings aiul become an integral 
port of this wing section. 

A heavy gage aluminum, stamped 
deck plate is j-iveted to tlie tops of these 
Imlkhejids and extends the full length 
of the beam, To the rear of the beam 
a sturdy fr)rged angle member U mount- 
ed to form the engine bed. 

The outer skin of the forward fuse- 
lage consists of formed aluminum sheet 
riveted to the bulkheads. Skiu panels 
in tile nose section and beneath the 
pilot's cabin are .0)1 gage, and the rear 
I'linels are .flS'l-gagc sheet. 
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Fundomenfal De»i9n Informofion 


Overall leogth (max. i 

Height (max.) 

T?Simo8s root chonl . . . 
'fliicknpss lip rhoni . . . . 
Wing area (net) 

^ot chord/tip rliord). 


Length root ohord . . 

Length tip ohord 

Fusdage depth (max.i. 

FueelMe width 

Load mc'tor - ultimate 
Design gixw weight . . . 


l.t»7;l 


Deiign WeigKH 

WING GROUP 

Center section 

Outer panel . .... 

Wing tii>8 

Ailerons (counter balance wt. — 

16.71b.) 

Fla])* 

Total wing group 

TAIL CiROUP 

Stabiliser 

Elevators (counter balance wt. — 

12.2 lb.) 

Fin 

Rudder (counter balance wt. — 

10.1 Ib.) 

Total toil grou|> 

BODY GROUP 

Fuselage Qees engine) 

Enclosures and dixirv . . 

Cowling and fillets 

Total body group 

LANDING GEAR 

Mun gear 

Nose wheel 

Total landing gear 

POWER PLANT 

Engine (including gear box and 

extension ahattl i 

Accessories 

Power plant controls 

Propeller and spinner 

Starting system 

Cooling system (radiator and 
shutters — 156.0 lb-; liquid — 
119.0 lb.; expatuiun lank 17.0 


36.01b. 
20.0 lb. 
III. 


.106.6 lb. 
116.6 lb. 
30.3 lb. 
39S.0 lb. 
13,6 1h. 


shutters — W.2 


19.2 lb.) 

Total power jilaut .... 
FIXED EQUIP.MENT 

Instruments 

Surface controls 

Electrical 

Comruusicaling 

..Vrmament provisions 

Furnishings 

Total fixed Gipdpment. 

Useful Lead 

Crew 

Fuel tank (101 gal.) 

Oil tank (7.1 gaX) 

Oil for reduction gear box (2 


62.0 Ib. 
177.2 Ib. 
11.6 lb. 
674.1 Ib. 
S.S23.2 Ib. 


.fiO-cal. machine guii installation. 
.50*cal. ammunition (100 rounds) 
,30-cal. machine gun installation. 
.30-cal. aiiiimmition (1,200 

rounds) 

37-nun. cannon 

37-tnm. ammunition (M rounds) 

Gun sight.s 

..\rmor plate 

.Vrmor gloss 

Total useful load 
Total airplane w*eigb' 
useful loud 


160.0 lb. 

624.0 Ib. 
55.5 Ib. 

15.0 lb. 

161.0 11). 

129.0 Ib. 
92.8 lb. 

78.0 Ib. 

238.1 lb- 
00,0 lb. 

202I6 lb! 
59-7 lb. 
1.ASII.3 IN. 

7,«W.5 lb. 


Unit Weights 

Wing group (213.2 sq. ft.) 1.381b. persq. ft. 
Tail group (00.2 sq. ft.). . 1.93 lb. persq. ft. 
Weight of cooling system 
per normal horsepower 

(1160 bp.) 0.2Slb.perhp- 

Weight of lubricating sys- 
tem per gal, oil (lS.8 

gal.) 1.071b. per gal. 

Weight of fuel system per 
gal. (120 gal.i 2,11 Ib- per gal. 



Tiie liYo main huigiliuUiuil Imams arc 
maintained rigidly pai-.illel as n 'olf 
ciintiiincd imil. priiicipnlly by udmlar 
•pieiuler bill's, ii lorwai'd bulklicad !ind 
furmer incnilicr,- and ibe aft splicing 
bulkhead. Howem', llic I'Piitci' wing 
'Ccliiin, coolant radialiir siippiivls, mid 
jiiliit cabin wiiieli is jaiiii'il later, also 
act IIS Tying menibei>. 

The pilot cabin is suiicrimpoacd on 
tile i'orivard fuselage but is designed jmd 
altaclu'il as an integral part of tlie 
fuselage Jii.sl fonviird of the engine 
eomi>artment, Knme-tight liulklicnds 
are provided lictween the engine com- 
parimenl ami pilol uabin and between 
■ he cabin and araumieiil rom]iurlment 

The iil'l I'liseiage section supports Llic 
I'Minplilc emjicmutge .ns-senibly luid euii- 
liiius the radio instailation. It is of 
..rdiuary semi-munocoque construction 
wiili eiglit pvitU'ipni forniiiig bulkheads. 
Till' splicing imikhead has it lieaded 
•licet web and a iiniobi'r of drilleil -liff- 


i'liei's for bolls joining tlm aft and for- 
wjirtl fuselages, ’file two forwai'il liulk- 
lie.'uis ore lied outlioard by two loiigi- 
(uiiinal bulkheads to form a eumparl- 
iiu'nt tor Lite (•ngino nil tank. Tlie skin 
is .Il32.gagc forimsi .'iliiiiiiiiiiiii slieet 


whirii is Ilii-Ji rii'i'ieil liirntigltoul. 

Cowling 

Cowling is atlaelied to the fusehigi' nt 
four main poinls: the .gmi eoinpariiuent 
forward of itu' |iilol eabin. I'ligin 


Bolonco Factors 

Center of Gravity Lieathin 

C. G. local ion, normal gross weiglii, uliccls up 

C’. G- hiealioii, iioniml gnaw* weigiit. wlicela down. . . . 

Most forwaril f. G. local icm, wiieels lUiwii 

Moat rearward C. G. Waliou, wbecls up, - ' • - 

nil fuselage 


26.3' .M.A.C. 
2.6.6', M..\.C. 
21.3', M.A.C'. 


I. oix'rload fuel and oil 


.\lx.ve M.A.G. 


Limit Flight Isiad Fnelor.s 
Limit iiiaiH'iivor loail (aeior-s. 
Limit Gust Isiad Fm'lors 
De-sign gross weigln ....... 

Minimum flying weight 

Flaps ilown 

Liuiil laimliag Faelors 

(iroxs weight, 7.585 lb 

I.iiiiii Diving S|iee<l 


I’ositivo .1.15 
I’ositixxi 5-11 
Positive 2.(11 
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till* imd oil ruiUo- 

toi- ooiiiijartnieiits on lln* umici' -.ide o£ 
the wing crntor seition, and oil tank 
conijj.ivluiont in the att fuselage hehind 
the ciisine Rece.-aories Iwy. 

Cowlings aiv I'oniieil iilniiiimini sheet 
riiiigimr from .051 gage at the gnu, 
Pre>tnne and oil radiator ooinparlments 
to .113:1 gage III tile engine and oil tank 
eom])in'tinenl'- Aocew doors, an in- 

tegral [lart of the eowting, are loeiited 
ill tile engine rompartiiuoit tor aeeess 
to the Prestmie e.vpansion lank, and in 
the j'adinCor eomparlinents for accesa 
to the Prestonc drain. A section, of 
oowliiig direetiy mer liie rear of tlic 


I'ligine ronhiins the earliiiretiir air in- 
take scoop. Anoilirr aeelHiii, directly 
over the engine. Ionises the aft eabin 
Plexiglas enelosiire. 

Oun conipjirlmenl cow! seetions are 
altncJieil to reniovahh* elianncl-slnipcd 
I'ormers and Inilklieads with flnsh-lype 
fasleiier.s. Kiigine eoiiipiirtiiii-tll seetions 
aie streiiglheneil with eliaiinel sliireners 
and the radiator eompiirtuient i-iiwls by 
several periaanently riveted inlerlorking 


parts, flirward and trailing edgi'S, both 
of which are designed as integral purls 
of the furward fuselage and wing outer 
panels. 

The I'orwiii'd siruetnre is built up of 
six principal parts: a fonvard and a 
rear beam corresponding prceiscly to 
the main beams in the outer wing 
panels, two inner bulkheads, and two 
outer bulkheads for .splicing lo outer 
wing panels. 

The forward beam crinsials of to|> 
-siol Iniltom enpslrips of milled extruded 
ahnniniun shapes, lied by ]ienvil,v rein- 
forced aluniiitnm webs in four jjrinci- 
pal panels. The Iwo inside panels arc 
solid single layer pieces. Outside web 
piliicis are marie up of Ihree layers nf 
heavy gage iihiiiiimim. the eenler layer 
acting as a reiiiforeiiig meniher. Tlie 
outside layers have I'oniied bO-deg. 
Jliinges at llte edge. Tiiesc web panels 
linNc a dual funclioii and must be so 
rigidly eoiislrueterl. lairge oval -shaped 
holes are cut tlirniigli their i‘enters to 
aecommodale oil cooler duct- extending 
0-0111 the wing leading r-ilge In oil eooi- 
er.s iiisLallerl in the aft imrMoii of the 
center wing seelion. In addition, four 
forgesl steel wing bolt fittiiig.s are fast- 
ened an i-iieli side, top and bnitom of 
lliese web piincls. In the iimin, they 
iii-e iiiiifh more timii web panels, but 
vitally iinprirtiint stnieliiviil nieinbcrs. 

The rear beam is all fonnerl steel ex- 
cept for the ainminum capstrips super- 
iinposeii iipiin ami riieted to the steel 
Hanged 'v*eh. The web is In tivo layers 
or seetion.s riveted hack to hack. Strength 
considerations made it neeessai-y to use 
steel for this meniher because four large 
holes are eiif in the web to neeomniridato 
air duels for the oil eoolei-s (two oiit- 
.'iiie einubir holes), and air duels for 
the Pveslone radiator (two* stpnire in- 
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Tip 

Root c'hiird (22 in 
Tip chord (21'J in. 

•VnuU of inciiU'iicc 

Dihedrui (at . upper nrdiimtci 

Sweopbiick (Ij.Kd 

Maximum rib KpRcing 

:Spar locations: 

Front spar— nt root elmrd 1 1 in. apiirox. aft uf I- hi. rout rliurii 
at tip cluird, 25 in. approx, aft of I..IC. min elmrd 
Rear sjiar- -40 in. apprux- oft of I..K. mol chord and niirmal 
plane of cyniinetry. 

M.*A.C.. length 

location .5.41 in. afi of LK. rmil chord, and 

0.G2 in. aiiovc I..K. rimt chord 

Aileron area ttvco uilcmmo • 

•Aileron loealkiii (liist. from line of ay of I'enlroid of 

aileron areal .... 

.Aileron sialic. Iiainncc. . 

Trim lab chord 

Trim tab Bjian 


NAC.A nillS 
NACA 230IIP 
WI.6 in. 

pins 2 dee. 




I.5.4d.at). fi. 

1511.13 in. 
apjirox. IIH)' , 
3 ill. 

T2U 111 ni. 


WInq Shin 

The lowei* surface wing skin is in 
throe prineipnl aeidioii.a. fiira'iiril mid 
aft of the rear heniii. .ind llie leiiiiiiic 
edge. Kach section oonaiats of I wo 
panels inniiiiiK inhnnrd to appmxi- 
nnilely Stn. 7.5 and I'mni there to Sta- 
ll). 

The Iwo aft pnnel~ are .Il2.5'!iige 
fiirmeil slieel with nnmeroiis veinlorceil 
access door enlonts. The inlio.-ird panel 
helwcen ri'nr and I'nnviird liciinis is 
.051-i;a"c formed sheet, largely huill up 
with reinroiving panels. The oiithourd 
front panel is .tKl'd-gage sheet with a 

minimi for the wing ainniniiition ra.sc.s. 
The leading edge is .lkl2.g;ige formed 

The skill Irom bip to loner nnrl'ace 
eoiisisls of panels similnr in arrange- 
nienl und gage. 1'lie iiiboaril forward 
panel lias a amnhi-r of reipforeed ai-- 
I'pas lades I'nr fuel Iniiks; (he oiulioard 
fiivwavH panel lias a lai-ge door tor in- 
stHlIaliiin or remos'al of wing gniis, 
.Sfcin stringei-s ai-e, for the nai-l part, 
K-sertion, rolled or drawn ainminnin. 
Flush riveting is used Hinmglionl. 

Wing Tips 

Till' will!' lip eonipriaos two Inilklieails 
and Ihree lappiing heams. The wing 
spiiee htilkliead is hiiill up of rolleil 
eapslrip and .sIieeL wehhing of .Il(i4- 
gage aliiuiiuiim. The internal hulkliead is 
in three sep.tinns, each of I'onneii iieaded 
sheet, with a series of headed iiglil- 
ening holes. These Imlk-liead si>elions 
are riveted In tlip lie.ini. Beams sre abo 
formeil and lihinked seeliotis; fliv trail- 
ing edge heiini is rivcled to the rear 


sis'lioii inli-mal ImJklii-iiil in Iwo see- 
lions. Skin stringers are drawn imt 
seclioiis riveted aeoiss ihc heams. Tip 
edge is a funned alninlimni strip euelos- 
iiig Ihe skin, which is .032 gage, eii- 


Allerons 


.Vileisms are fahrie eoveivil mnnospiir 
strut'liil'es of llie “Frisi'" lype with 
huilt'ii]) rills of exLmded shapes in 
some eases and formed rihs in oilier-. 
The huilt-iip rihs. tied together with 
gussGt plali's, an; capstripped with 
mehli ehumiel a.-seinldips Used in eon 
.pinction willi ihin mclal rolainev sivips 


ing a llnsh siivl'ai'e. Leading edge ribs 
ini' formed and hlanked sheet rii-eled 


edges are formed -trips enelo-ing the 


Trim oad Servo Tabs 

t'onlri'llahle trim tabs of laminated 
plieuolie plastie are locnteil at the Irail- 
ing edge of eaeli iiihonril aileron, The.-e 
trim tabs also ai*l as a servo eoniro] 
tlirongli a niei-hanieal linkage which 
aiiloiiiiilieally rotate- the tall In an angle 

roil, eeeaiiiig a foree wjiieli veiim-es Ihe 
energy m|iiired to actniile the aileron. 
-All Iiddilioiial -enii tail of limiiinued 
plastic, not eoiilrolhible iiy Ihe pilot, i- 
located onthnard of Ihe trim tabs. 
The semi lab- are nrtltnled by a 
meehanieal linkage attai'bed to the 
aileron hinge braekel inaintaiuiiig the 
sent' bill at a neiilral setting 2 deg. 
aliove Ihe thrust line of the airplane 
willi the ailerons pasitioiied at any ancle 


Wing Flaps 

The wing Haps are split trailing 
'.\pe and form the lower rear surface of 
the outer wing panels. They extend 
from Stu. 1 to the iiilioard end nf Ihe 
aileron. Atim-hed to Ihe wing hy a 
piano type hinge e.xlendiiig tiie I'llll 
flap length. lhe,v are I'oiinected to the 
auxiliary beam Imrer Haiige. Flap.s are 
opi'rated by a pusli-pull tube ami an 
eleetrieiillv driven eonneetiug link mech- 
anism. The operating member eoii- 
sists of dvc tnvnbnekle eunneeting links 
between llie Itap beam and the push-pull 

The single beam is a formed uhamiel 
-eetion of ,ii4il-gagc alumiiiura. llilj- 
are formed .-olid sheet sections in two 
purls, rivetisl fore end lift of the lieani- 
fskin stringi'is. are also foi’nied cliannel 
tiangeil seelioiis. Skin is a solid paiii-l 
of .02.5-gnge slic-ei. A doubler slieei 
with a mmiber of blanked lightening' 
holes is riveted to llie ribs forward of 
ihi' bvani. The (taps are stressed -o 
lllul full e.xteii'ion l4l deg.) may be 
used at b'ld m|iii, mnximiim speed. 


liiii |M‘ii nsi (f<‘ 


The horiy.onlal -labilixer is euiistnieted 
as a single imii with sections cut 
away in the eenlev to permit access of 


ihe vertical sbiliilixer 


lional slce-seit skill de-ign. The for- 
Ihiliged -as-liiiiis rornied of heavy gage 




meinher. iierpemlieiilnr to the nirplaiii' 
eenlev line, to whieh are altaelu-d iw<. 
outer beam sivlions willi a proumim-ed 
sweephaek, ajiiiniximately parullcl to 

Ihe leading eilge. A scries of false ribs 
of formed and blanked alnmiiinm see- 


The rear beam, foniied from .Il72-ga‘4e 
-lieet, is in two half seelioii- -plieed 
with a ri\ele<l ainminnin plate. I-hieli 
half section lias a solid formed slns'l 
tip alladieil with rivets. Ahoiil half 
wa,v froni eenti'e on eaeli -ide. focgi'd 
ainminnni alloy steel hinge fitting- for 
the i-levaloi-s are I'asteiieii to the rear 
heniii. The fnnil ancl rear henm are 
lieil icigeflier with a series of bhinlted 
and fonneil bulkheads. /— haped 

-Iviiigers .siipimrl the llnsh riveted skin. 
The leading edge -kin is a single 
femned seetimi on vueli side, extending 
from the top tlaiige of the frimt lieiim 
around the forniing ribs to the bottom 
Ihiiigv. 

From the front beam to the rear edge, 
the skin is in font' formed niuinimiui 
-lieet seeiiim-, tivo on eaeh side, top 
and boitoin. Slaiiilixer ti|is ,ire single 
fonnod aliiiiiiiintii -eetions riveted to the 
-ingle rib of the -tahilixer proper. Fmiv 
liirecded stud-, fico on eaeli beam, )n*o- 
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AHaching landing flap fa wing airitliarr bnam. I orlerside of liir top skin shown tlirungli 
wheel well is (.unigal'-.l to provide streagih for eatwulk. N'ole liesipr hose lor wing gnus. 


vide Lor ultudiiug the stahilixer to Hie 
aft fuselage with loek nuts. 

Elevators 

Fabric covered elcv.atiirs are siniilnr 
iu cunateiiotion to the nilenins. Uight 
and left hand elements are ,|i>ined at 
the control qnadrani by lulmlnr steel 
members spliced by forged, lliiiigetl steel 
i-oilars. The left eieviilor has a Iviin 
tab fastened to uii aiixiliury lieaiii jnat 
forward and inbimril of the trailing 
edge section. Two liinge settings arc 
installed on the main be.ain and aitaeheil 
Ui Ihe hurizonUI stabilizer. A mass- 
biilauce. tiihular-shaped weight, n.seil for 
d.vnainie and static balancing, is loi-ated 
iu the faremoBt section of Ihe learling 
edge. 

Verfleal Stabillxee 

The verlical atabilizcr is similar in 
structure to the liorizontal stubilixer, 
except that beams are one piece coii- 
stniction. A liole is cut in tJie skin 
on both sides for the navigation light Control quadrant tor oporottoa of oUvotors is uuaclird to all foselagc jn-i 

installation, Cast fittings are installed lirhind the liorizontal and vertical slabilizets. 

an the projecting cuds of tlie main and 
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L«ft clevotor fihou'ing provision for trim 
tab and forged rollar on control bar. 


I'cnr booms for ntlitcUniont liy tints nntl 
liiJts to llio lift fiisolngc. Two hm!:e 
Httinss aif riveted to the nft flniigt; of 
the rcBT henm for the rudder ntlaeh- 


The fabric covered rudder ia siiiiiliir 
ill structural nrransemcnl to the eleva- 
tors and iiiloroiis. However, the to[> 
and bottom jiortionB are covered by 
formed and beaded iiliuiiinum sheet, 
Two liinse fltliiiss for fostenintt to the 
vertical atabiliyei- and rudclcr control 


i|imdraiit are installed on the iiiniii 
beam. The auxiliiiry lieniii supports a 
)ilastic trim tab, uud a round mass- 
balanced weiglit is mounted in the fore- 
mnst section of Ihe leadinj: edge. 

Nine pieces of formed aluminum sheet 
and forincrs coinpri.se the empennage 
fillet as.senilily, which is attnehed liy 
flush screws and rliiinnel nuts. 

I'nliin 

The cabin with its -six transparent 
panels, arranged for waximuiii visiliil- 
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ity, ia iu two aectiims — tlie furwaril 
ibin for the pilot, n pcrmaueut built- 
[I KLructnre superiiupose<l U|iiiii and 
onaiiip on integral part of the forwuvcl 
l'ii«'lii>:e ahead of the engine; and the 
renaienhle aft eaiiiii eneli>sure dirertly 
'’vev t!ie engine and ,ioining t!:e forwnrii 
welion at the turnover l>eam. 

The forward section consists of dniwu 
hUiiniiiuin frames for the glnse ami 
Plexiglas enclosures as well as the 
I'urmeal aliiiniimiii skin sides forward of 
the door. Directly ahead of the pilot 
is a windshield panel of i-iu. laminated 
sliatter proof glass; two side wimlsiiield 
panels are ^-in, convex Plexiglas and 
directly overhead is a panel of A-in, 

Plexiglas formed to the cabin contour, 

All panels are set in rubber channel 
I'etainer strips, 

•Vlnminum automobile type door.= an- 
located on both sides of the enbin, Doth 
liavc II e'f-in, roll down Inuiimilcd glns^ 
panel operable on the giviund or in the 
niv lit any speed up In desimi high 
speed in level flight. Emergency chan* 
release handles, painted red, arc .just 
I’orward of each door frame in the eoek- 
pil. When the handle is pulled mil and 
tnrncsl 00 deg,, the hinge pin is paralle] 

«'ith the door release slot and the iloor i~ 

*’ree to be pimhed outward away fivui 
the airplane. Both cnliiii doors are 
held tightly closed liy a door latch at 
he lop to prevent the door from open- 
ng at high speeds. This fastening is 
broken when llte emergi'iiey hoiolle i' 
l>c rated. 

Instrument Fnnel 

Tile uiniu instruiiipnl panel, eon.slruel- 
ed III' one piece of .ninininnni alloy, is 
flexibly mounted cm three f.ord mouni- 
lust below the center windshield. An Controls ond Instrument ponel in pilot cabin. Device mnivr ftonl \AaJsliiclJ Is rlectrir 

auxiliary instrument panel is set h> the k"" hel.m Kl-M in.lioior i- mi-sioa in ihi- pliotoRraph. 

immediate right of the main piiiiel and 




atUidled tlivsvlly Iu tile tiiselii"e. A Icfl 
bund panel Consists )iriiicipult.v of 
switches conlisilling the electrieiil instal- 
lations. There are sonn‘ 3l> instnunenis 
and sets of switelie.s. 

hilot Seat 

Tlio pilot's seal is hiirkei-t.vpe. inelnl 
eonsti'uelion, and iion-ud.justtible, A 

Type B-1] Sutton safety linme.ss is 
attm'heci to the seal with a rcdler meeh 
miism ;iml is released or locked by a 
eunlvol under the scat. The I'ahiu is 
designed to ' aceoiiimoilale a pitot i> ft. 
8 ill. Iiigh, weighing 200 lb. «vitli pnra- 


'i'lie turnover hiilklieail livhiml the 
pilot is of extremely rigid eonstruetiou 
capable of wiiiislnndiiig lontls cimsider- 


lieuvs gage uinmimun tied together tiy 
a number of formed and blanked bulk- 
head scctiona and heavy gage formed 
aluminum skin flush riveted to the beams 
and bulklieads. Additional streuglli is 
pi'otidol by eiossed slrcauiliiic wire 
bnicing tightened by lurii-lmekles run- 
ning t'l'uni the lop of each side of the 
assembly to liie liollom of the other 


Att Cabin 

The aft eahin is- a shallow sIreinnUue 
structuiv eimformiiig to fuselage con- 
tuuvs. It consists of channel I'oruiei's 
and a beadcti almuimnu dcckplate for 
liousing a portion of the radio instolla- 
lion. It is euelosed by two cniivex pan- 
els of A-in. Plexiglass. 

Differing I'mm the foi'ward pilot 
cabin, whicli is peniiaiieiit, the alT cabin 
-is'liiin i- is-movable. It joins the I'or- 
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Landing Cit'iir 


l.aimliQ^ 4>«>ur 

The Ainuahra is equipped wilh ii 
fully retvni-tnhle tricyele landins gear. 
Xose wheel is seIf*eaKtei'inK, noii-steev- 
iihle type and retracts up and aft iulii 
the forward fuselage; the main wheels 
retract up and inboard into the uiiirr 
wing panels. Retracting mcchauisni is 
operated by an electric motor through a 
system of loi'que tubes, universal .ioints, 
gear boxes, and sjdined coimeclions. 
tiperation of the landing gear motor is 
governed by a toggle switch in the pilot 
cabin. In the event of power failure, 
the wheels can be operated by* an emer- 
gency ratchet rraiik at the right of the 
pilot’s seat. 

Shock Sfrufs 

Cleveland Pneumatic Tool air-oil 
shock ali-uts are u.scd on both nose and 
main gear. Main gear struts arc 
attached to a fitting of the spindle 
aaaembly in tlie wing panel hy four nnt.s 
and bolts. The forged steel landing 
gear fork is attached to the piston tube 
of each strut which operates with the 
wheel. Conventional toi-qne scissors are 
employed on tlie main and nose wheel 
installations. 

The nose wheel shock strut is hinged 
to the furwarti fuselage inside the nose 
wheel well and is retracted by a linkage 
assembly. A centering cam is installed 
in the oleu stmt keeping the wheel in 
a central position and preventing it from 
fouling against lim airplane during re- 
tiaction. An adjnalahle Honde Kiigi- 
neeriiig sliinimy uljsorber is installed in 
the lower end of the strut pi.slon tube. 

The nose wheel fork is a steel forging 
I'onnected to the lower end of the strut 
assembly by four bolts, luralcd in pairs 
at the front and rear of the fork, and 
hs'kwiretl in pair,*. Holes are tapped 



Forejed A-fromes located in forward fuse- 
lage to whicli are attached nose wheel strirt 
retracting links. 


in tlie lower end of the pisfou lube anil 
lined up with the fork holt holes. 

The nose wheel is mounted on a 
chrome molybdenum cadmium plated, 
steel tulle axle, which slides through the 
fork ends from left to right and is held 
in place hy a large nut lockwivetl to the 
fork. The tire is HI in. in iliaiueter 
with a high pressure dual .scnl safety 

Oil and gas resistant, plyiihle rtibher- 
ised hoots ai'e fastened onto each wheel 
strut assembly with n eris-s-cros-s lace. 
At the top they are held by fairing 
clamps and at bntinm hy two slots into 
which the two fork-to.scissors brackets 

Wheels end Brakes 

The main wheels are magne.sinm alloy 
equipped with lO.flHxS disk type hy- 
draidir brnke.s. ^[nin wheel tire cas- 
ings are 20x11 in., 0-ply, rayon, with 
high pressure, pum:lure (miot' lubes. 
Three types of intercimngeable tires are 


nscil — ireaded for ice or snow-packeil 
fields flat contour for desert or sandy 
tields, and smooth contour for normal 
operations. 

Eiieii main wheel bnikc assembly ha.s 
eleven plates, six stationary steel disks 
and flvf movable bi'ass disks. The sla- 
lionaiT tlisks are held in place hy six 
slots on the inner side which slide over 
.'i.x longues on the axle huh. The uinv- 
able disks have six tnngue.s on the outer 
edge which slide into six coirespoiul- 
ing slots in the hnike lirum. A Wurner 
hydraulic master brake eylindcr and 
brake pedal assembly are mounted in 
R verlieol position and pii'otwl i>n each 
end of llie rudder control pedal ci*oss 
bar in the cockpit. Master brake cylin- 
der units .are roiinected to tlie brakes 
by 0 flexible leiither-coccnsi riibbcr liose 
and *di O.D. aluminum alloy tubing. X 
control on the main instrument panel 
operates a parking brake in con.innelion 
with the main wheel brakes. 

Retroeflng Mechanism 

The landing gear is operated by a 
reversible, 24*volt motor giving J hp. 
at 3,800 rpm. Incorporated in the 
assembly are a clutch and reduction 
geitr drive with a 40 to 1 ratio. The 
clutch is designed to slip at an milput 
tiirqnc (at slow speed siiaftl of 700 in.- 
Ib. The motor is unmiuetl on the foi*- 
Ward fnselage deck at the right side of 
the engine. An oper.ilitig ruiitl-ol switch 
is mounted .just forward of the left- 
hand cabin iliKir in the cockpit. 

>fain wlicels retract into the wing hy 

installed wilh a spindle n'semhly on the 
aft face of the i-ear main beam by 
twelve nuts and bolts loekwired in pairs. 
Kneh stmt is attached to a fitting of 
the spinille assembly by four nuts and 



lin Jandlag gear strut attachment le spindle et 



Zempeaent parts of nose wheel gear B.ssemblv. Nose 
vheel retracts in unison with main gear. 


Ceinponeaf parts of a main landing gear strut and brake 
assembly. 
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Loflding 9*«r Dafo 

rc)Datriu'liim (all wheola 

Wheelbase 


Miun gear nleo travel (total) 

rlrom evieaded to statk't 
(from static to <'oni[iresse<i ' . . . 

Nose a'heel oleo travel (total) 

(from extended to static) . . . 
(from static to eoiiipress^) . . 
Nose wheel swivel (either sitlc of plane of symmetry' 

Main wheel diameter 

Nose wheel diameter 


Tricycle 

Magnesium allov 
119 Yi in. 


Sin. 
10 in! 


3 in. 
tSO deg- 


19 in. 


holts. Worm geai' iuslullcd in the 
spindle nsseiiilily is nctiiaCed by the 
landing genr uirdor by iiieoii.s of torque 
tubes. The woriii senr ititstiw llie see 
tor gcoiv which in turn iflrscls or ex- 
tends the wheels. 

Nose whtH'l relniction niediatilsni con- 
sists of a retriietinjr screw in.stnlled In 
the forward fuselage and driven by the 
liinding jrenr motor throiich tortjiie tubes 
nnd n 90-de.g. gear drive. This actuat- 
ing screw i.s nitached lo the main leg 
of the nose wheel liTiWoge as.seinlily. A 
cmipling shaft links the refraetiiig 
screw and gear drive. 

The l•etvnl•ti^^' linkage eon>i>U of a 
short link, attnehed to the oleo strut, 
to whieh is hingwl a large or naiin link, 
hingcri ill turn to liro A-frame Sitings 
in tlie I'uselaee. 

Tile emergem-y liaadi-rank is «iui)ipcd 
with a ratphel and cun lie reversed by a 
•switeli at the top nutiloard face of tia- 
irank. A clttleh handle is iocateii just 
aft and outboard of the lianiievank on 
the cabin lloor, lo cbaiige I'lsiia electric 
to aiaiinnj operation or vice versa. 

Loading Geor Fairings 

The main wheel fairing is made up 
of three sections. Two are altar-lied to 


the iiiiiiii wheel strut at two points. The 
lower section of fairing laps over the 
upper scelir.n, but (he two are not eon- 
nccled in any way, the overla|> permit- 
ting motion of the oleo stmt withmit 
damage or buckling. Lower section is 
attached at the main wheel axle by a 
washer and eiistellulr-d nut and to the 
upper pnrtion of (be fork by a link 
assembly. The upper section of tiie 
fairing is nllm-hed to the strut in two 
plm-es b}- riiim|]s. Five bolts hold the 
Inwer elaiap and I'taii- hold the iippn- 
eJanip to tire fairing. Kitch clamp is 
held to the .slnit liy a bolt and Ira kmil. 
The third section of fairing, known ns 
(111- "flipper door." is binged to the 
lower surface of thi- wing ceiiti-v section 
near the wing spliei- Imikhearl. It opens 
toward the nii-plaiie er-uterliio- and is 
aeUlated by the main wheels diiriiis ex- 
len.simi and ri-li-aeliou. The wheel ex- 
U-ikIs allowing ibe .-priiiB-lnadeil nvni of 
tlio door lo slvaiglKcii, forcing the door 
I'pen. I’pon retraclitai, the tire i-omes 
in r’ontaet w-ith the spring lontled-nrm 
t'lmsing it to fold upward, drawing up 
the rluor. 

The nose wheel fairing is in two .see- 
linns. One is bolted to the lop of the 
luisi* w'heel strut iinrl lies flush with the 



undersurfar-e of the fusdage wlieu tl The ciu-buretor air intake Bjstcm is 
wheel is ivtisicled. The other scc-tio>“>Pr'«'‘' » ramtiiuig air scoop, lo- 

consists of right- and left-hand d.io?t«^ ‘he ““ cnbin on the aiv- 

hinged to the forward fuselage at ecnterlme, in n atraigbt 

hinge poiuts. 'I’hese doors are aetiiau*!®' carburetor. The forward 

bv a spring loaded ai-m in a mannd«' ^hc duct baa a door eontrolleil 
similar to the main wheel fairine ,l„or'°=‘ cockpit, which elraes off cold bit 
nd admits warm air from the engine 
impartment. 

Kii^iinas ami x\«*va>siM>ri<>is -V primer pmup is installed at the 

-ight-band side of the radio eon- 

. *ol panel. It is hand-operated nnd 
s fuel from the booster pump and 

bTmr6ttinZ‘“|f‘*.:J 

• eight bolts nnd uu!* sj»cm. 

Fuel Tonks 


The .Vlliaon Type V1710 engine -; 
mounted on four “Fabrceka'' pads 
scried between the engine tnoiinlin^^ 
points and a 
is seeiircd 1, 

arranged in IViuv paii-s, throogh flttiiie 
rivi'led to the inboard side web heneal 
, . a .Kaeh fuel tank consists ot six Icak- 

Ihe top longitndinal lieam Mange. > „ > l _ ft., , o. • . i • 

,! 7 . r . roof fuel hags, The left wing tank is 

Dvopeller reduction gear box is locate . , -n. . a . ■ 

in the fuselage nosl nnd is bolted »>nF«c-typc lue 

the forward bulkhead. Tlie gear ho’’'™- '«>e Providiag for noiinal 
is connected to llie engine hv a consumption, and tin- *dlier for 

drive shaft operating at ernnkease spcer“J’'« ^consumption. The nght- 
This shnfl runs through the lieaiii fus^"? 

hige under the pilot’s scat and consLs#™'"" f®*' con«>mption ot 

,.C a flimgetl coupling tind center bea^" "".“f content 
ing. The reduelion gear box has Ekcli tank is equipped with a liquid- 
separnte oil svsteiii, “““ «nd 

The exhaust svstem is eomprisi-d 

.Inal stacks, si.x on each side, of forme^!®^ installed a pivoting cork float 
seain-w-eided stainless steel with san*"* the contact ar-m in ae- 

jjjjirdnnce with the tank fuel level. The 
- intact arm position is trnnsmitlerl dee- 
■iealJy to an indicator gi'adnated in 
Fuel System allons and located on the main inslru- 

fhe fuel svsiem consists of two panel. Electi-ical enmieelioiis are 

gi,l. tanks integrallv ImiU into the outr'"'''”'^ shielded conduits he- 
wing panel-. TbJ left wing tank ir'®®" ®®®*' '■''® i'lstrmnent 

.-hides u re-ei-v.- ai-i-a of 20 gel, A drop’'”''' ■'''’“•''tor, 
pnbU- auxilioi-y fuel tank of either 7f Co„trots 

or lOO-gal. i-apiii'ilv uiav he earrie. 

in tile bomb nick suspended from th throttle nnd carburetor 

w-ing ..enter -i-i-iion iixtnve i-nntrol levers are assembled 

Pile) i,s s„pp|i,Kl to the carburetor b‘‘° ® (propeller pitch con- 

a pii— iiiv imiiip, Uwiite.1 on the rear o'®* Mounted mi 

tlie engine accessory liousing, aug*® cabin wall at the forward door 
inenfcd by either two booster fui'““'®- oy>*®r to prevent creeping 
inimpa in' ibe wing, or by a sing!®® •" vibration, the control levers arc 
booster pmnp in llie wing center sectioiO'’®™'^ hy n bronse friolion adjust- 
B.i.ister pumps „re electrically driveff’ whieh is attached to the qua- 

.-.nd ai-e used for. stnrting, warm wcathe®“°t bolt and may be tighteiiiHl or 

fnkotitr and high .sltilndc flying to pre-osened to permit easy sliding of stiff 
vamt vaii..r lock, vers or to allow lightenetl aetioii of 

Between the b.ioster pump and engin-o*® levers, 
driven fuel pump is n Lunkenlieime '*'he throttle control lever is located 
fuel -trniner, an air vapor climinatoi'’** outboard on the quadrant nnd 
and nil- vapor i-i.ntrol valve. The laftfOverns .speed and manifold pressure, 
two are insMlIed to provide a stead-®'’" ‘® eq°‘PP®i* » spring- 
llow of fuel wlu-n Ibe fnci selector valv’®'**'* P"®h button whieJi operates the 
is nctuate.1 T.. swilcli fuel intake froi^”'®'’ “‘ci-ophone, allowing pilot to 
an empty I.. full tank. A vent Uni’®''®'® '*‘® radio transmitter without 
from the eiiibni-et.n- to the left win)'"®vMB his hand from the throttle, 
tank i- r.iiilod through the air vapo ’*'h« mixture control wlii.-li is ineor- 
eonlrol vnive which prevents va])or iiOrafed with the injeclion type eiir- 
tbe left wing lank from backing up intM“t®r has four main control settings, 
the caibiiietor. nmely, Fall Mich. Aiifomwtie Rich. A«- 

fuel pressure warning .switeh. eon'fmtio Lean and Idle CwtoJ", in the 
iiected to the carburetor and carbiii-etof'*®’' mentioned. Carburetor mixture 
air intake hiilaaee line, is provideim he adjusted by motion of the lever 
along with a light indicator to wmi®'*'®®® •^“*0”"’*'® and .-lutomofie 
the pilot .>f fuel pressure conditions, eo" by "e.liek and feel", .\nlnmntie sl- 



lained for any tixed potntion of the con- 
trol lever between Avtomalic Rich nnd 
Aufomntic Lciiv. 

Oil System 

Kngine lubricating oil is circulated by 
a main pressure pump having a built- 
in check valve, and a .scavenger pump 
located at the lower right-hand side of 
the engine aceessor.v lionsing. Oil is 
supplied to the pressure pump “In” 
from the lioltoui of the tank and eir- 
cnlstes through the engine. Oil leaves 
the engine from the main scavenger 
pump “Out" and i» delivei-«d equally to 
each of the oil coolers and returns 
ibisiugli pHriillcI lines eonneel.ing to a 
single line attached lo the lop of the 
oil tank. The propeller reduction gear 
bo* is Inbricated by a separate oil 
.-iiviilaling system willi it“ own tank and 

Engine OH Tank 

The engiiii- main oil tank, of 13.8-giil. 
ciipacity, is constructed ot -cam welded 
magnesium alloy sheet located in the 
aft fuselage behind the engine aecessory 
bay on the airplane centerline. Tank 
oil level is measured by a fle.xible bay- 
onet-type sound rod located in the tank 
top casting. It is impossible to Mil the 
expansion space provided within the 
tank with the nirplane in it- noniial rest 
position. 

Oil Cooling System 

Tlie oil cooling system eonsista of two 
oil r-oolers with separate air duets lo- 
cated within each outer wing panel and 
connecting to each cooler in the wing 
renter section. The coolers incorporate 


mostaticiilly controlled by-pass valve 
which eiveuliites nil along the cooler 
coil nntil Ibe oil is properly cooled. 

Cooling ail enters each duct through 
an individual opening on either side of 
the fuselage at the wing leading edge. 
Each duel leaves the outer wing panel 
between the wing front and rear beams 
and joins the section of duet connected 
to the foolers, .lir exhausts through 
flap-type aliutters located aft of the 
coolers on the uudersidc of the wing 
.lentcr section. Shutters .iperate in 
unison by a levei- control located on the 
right forward face ot the turnover beam 
near the eabin floor anti can coinplelely 
restrict air-flow through the coolers. 

Oil Dilution System 

•V solenoid operated oil dilution valve 
|s maintained in the system for cold 
weather starting. Dilution of oil is 
iiccomplished by controlled addition of 
engine fuel to the oil inlet line by 
operation of a toggle type switch im 
the left hand auxiliary switch panel- 

.Vn oil thermometer w-c11 is installed 
in the oil line from the main engine oil 
tank to the oil drain "T” fitting. A 
theniiometer bulb connccU to the well 
nnd nuis to tlie oil temperature gauge 
.in the instrument panel and register- 
oil “In” lempei-ature. 

The oil drain T fitting is located in 
the right hand side of the aiiplnne in 
the oil line which runs from the bot- 
tom of the main oil tank to the oil pre.»- 
sure pump. The drain Y fitting is in 
the lowest part of the oil system whieh 
can be drained fram this point with 
the airplane at its normal rest position 
on the ground. 
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I'lK'l Kysiem 


De/co 

Selector valve control 
Selector valve 
AoKiUary fuel tank 
F/nger strainer 


Screen assembly 




Surge Valve 

A by-pnss surge vahe is iiuan-|mniU-(l 
ill llip oil system. When tlie nirplane 

in t'olil weather, the oil in the poolers 
lieeoine eoiigealed ami may cause damage 
IviHn oil pump pi-essure when the en- 
gine is started. I£ oil pressure exceeds 
60 psi., the surge valve opens, releas- 

ihe majority of oil flow dirently hiirk 
l.i the main oil tonic. When seepage 
troiii the surge valve loosens the con- 
gealed oil, the valve closes, allowing oil 
to How normally to the coolers. 

Two engine breather pipes arc eoii- 
neeteil to the- engine, one to the top 
torwnrd end, and one to the top of the 
aecOsSOJ-)- housing. Botli hreathcr pipes 
are routed downward to the bottom of 
the airplane fuselage and exhaust into 
the slip stream. 

All oil line.s arc of aluniiimm alloy 
tubing with hose connections, nipples 
aud elbows of standard Army Air Porre 
type. A Pgseo oil s6])arator is incor- 
porated in the oil system and is mounted 
on the left-hand deck of the fuse- 
lage. The unit contains no working 
parts and is sturdily constructed of 
welded sheet aluminum. Pressure gauge 
eonnections and tubular bracket mount- 
ings ore used througlumt. 

Reduction Gear Bex Oil Tank 

The reduction gear box oil tank is 
constructed of magnesium alloy sheet 
with welded .“earns and is located aft of 
the gear l>ox. Oil pressure lines fur 

VVl.VTIOX. Mar. 3SM 


Ihin system .are aluminum alloy tubing 
with brass liners at eiieli cniiucctiim- 
Tbe line from the gear box to its pres- 
•suve gauge on the main inatruaient pan- 
el is composed (if iilimiinum tubing, cop- 
jier luhiiig iiiid a flexible connection 
from the line to gage. 

Cooling Syslem 

I'lngine is cooled by a high-tcnipcra- 
tiire. litiuid Prestone cooling svsteni. 
The Prestona radiator is of the car- 
tridge core t.vpe, constructed in two 
sections and sssemhied ns a single unit 
in a radiator mounting cradle. The 
assembly is mounted on four llexible 


vibration iiisuluting miits IkIow the en- 
gine. Iietweeu the longitudinal beams 
aft of llip wing cnrry-lliru rear beam, 
t.'oolant is carried in lines from the out- 
let on the top forward end of each cylin- 
der head to the radiator. Coolant en- 
ters the radiator through a compound 
inlet on each side of the radiator top 

lurniug to the ccioiiiut c-irculating pump 
inlet collector. 

Tlie Presfone f.vpniision tank is so 
arranged that when filled to the level of 
the lliiei' neck, when the airplane is in 
its normal rest position, it will contain 






ot Uie eugiiic acwaaory bousiug I'li llin 
rear left side of the engine. 

Two sepiirnte air ducts are Icented on 
either aide of the fuselage at the wins 
i-enter section leading edge. The diiel-^ 
How rearward and converge directly in 
front of and connect to tlie coolant ra- 
diator' with an airtight seal. Radiator 
■.liulter control is located on tl»e cock- 
l>ri floor just below and forward of the 
oil shutter control consisting of .1 gear 
box with a small hauderank wbicli inrns 
clf)ckwise to close, and counter clock- 
wise to open. A llcxible shaft extends 
lift, in.side the Cn.-elage beam to a screw 
actunling a Iriimiioii on the •■ImMer 
ri])erating arm. Tfic '■liutter is located 
at the air exit of the radiator ami can 
completely restrict airflow throiigli the 

All coolant lines are of alnininniii 
alloy tubing. Coolant tcinperatnre flier- 
looineter well is permanently in-stallcd 
in the right-hand coolant line from the 
cncinc top to the radiator to uien.snre 
the coolant '‘Out” temperature. Temper- 
.’iturc indicator is rm the main inslni- 

Electrlcol System 

The electrical system is of the single 
conductor type, shielded and protected 
by rigid and flexible conduits. A main 
cieotrical control switch panel is rigidly 
mounted to a metal box for shielding 
and is i(u‘iiicd to the left of the cock- 
pit main insirnmont panel. 

.V sfantlard a.c. type Italtery is muunt- 
w! ill the forward fuselage between the 
.ofl-cal. fuselage guns and beneatii the 
fiin compartment cowling, aft of the re- 
duction goer box. It is provided with 
one drain and ime rent to which acid- 
proof rubber tubing is attached by hocc 

clamps. Battery’ fumes exhaust into tt 
glass bottle containing a pad saturated 
with n solution of bicarbonate of soda 
ra counteract the acid. The bottle is 
vented to the airplane slipstream. 

(londuit is provided for the dual pur- 
pose of protecting the electricnl s,v^tem 
and providing electrostatic .shielding. 
Rigid conduit is supported and ground- 
ed to the airplane, and flexible eondtiit 
is Used where flexibility is required. 
Standard type pings, connectors, eon- 
neclor plugs, socket assemblies and fit- 
ling- are used for connecting conduit 
wlievc disconnection of the electricnl 
system is necessary to remove asaemiilies. 
-V ground win- is attached to the land- 
ing gear nose wheel fork on some mod- 
els, hut on others a special static con- 
ducting tire is installed for grounding 
ptirpo.-e«. The main fuse panel is lo- 
cnfM on the left baud side of the land- 
ing gear nose wheel well williiii the for 
ward fuselage. Fuse capacity and 
identification tire marked inside the box 
lid and spare fuses ate carried in the 
fuse box. 


proper amount of expansion space. The 
system is vented to automatically pre- 
vent air locks, allow the expaiisiou of 
coolant, relievo coolant pressure beyond 
3 lb., and permit re-entrance of air 
after coolant temiiernture drops. The 


automatic relief and- ^uillJe valves are 
included in the cooling system filler 
unit located on top of the tank. 

Coolant cireiilation pump is of cen- 
trifugal type and fonns a port of the 
engine, it i.= inoimtcd on the bottom 
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Eaqine Stortiag System 

Electrically nperiilcil, inertia type en- 
gine starters arc used on .liracoi'ras. 
mounted near the hottnnt right hand 
side of the engine accessory liinising. 
A starter pedal is located on the right 
liiinil side of the cockpit floor. To en- 
crgi/.c the xtarlcr, the pedui is I'l'cssed 
rearwiird with the heel- It is held in 
this position until starter is energized 
siilflcicntly to rotate tlie engine and 
then the pedal is depressed fonvaril 
with the tue to engage the starter with 
the engine. A haiulcraiik is provided 
and installed in 11 compartment witliin 
the right wing trailing edge. The liitiui- 
I'raiik cxlciision aliafi and slrc\e is per- 
nianeiitiy iiistidietl and lias a hroiixe 
hearing support wilhiti Ihe fuselage. It 
is accessilrle llirongii a Iiiiigetl door la- 
catcii on Ihe riglit hand side of the fuse- 
luge near Ihe wing trailing edge. 

fin Mime inoiiels a meohani'm is in- 


c.ludcil lor lilting the starter bmshc' 
ro prevcni gciicralioii of 0 charge while 
the starter i' liciiig ciiergiiied manually. 
A lever, located in an access door next 
to the Stoner ,Ioor. is operated when 
the handeruiik i- being used. AVhen the 
starter i* engaged ami the engine stall- 
ed, the lc\-cc i- operated to rctllin the 
brushes to their iioriaul position, Tbcie 
is all electric |iliig located in Ihe lefi- 
liaiicl wing trailing edge Hllcl which may 
lie used in canjimction with an outside 
itiillcrv for cold weather starring. Tlie 


Geaeroter and Booster Coll 

.\)i ciigiiic-driien generator is mouni- 
cd on the engine ucces-sory housing to 
the rear. The generalov control panel 
IS numiitcd on vibration absorbing units 
and is installed in a siriielural enclo- 
sure within the left side of ihe. fuse 
lage. A geneisitor rehn* i« <ipcrnT<sl iiy 


;i toggle .su'ilctt on the maiii elcctrieal 
control ptinel. 

A buttery-operated booster coil ttnii 
is momtleii in a shielded box on the 
right-hand inclined deck aft of the cn- 
aine within the fuselage. The circuit 
is connecicd so that the coil U energized 
when the fool pedal starter switch is 
depres-cd tor'Mii'd to the engaged posi- 
lion, bringiim the solenoid operated 
stflvicr nieshiag mcehanism into opera- 

t.'uiTcut is rari'icd from the booster 
coil to the right hand disiribnior by a 
high leiisimi h'ntl. The solenoid-oper- 
ated starter luc-liiDg luechaiiism is 
moniiled on the -tarter. 

Loading Light 

A threc-fucu.s cleciric relruclablc Iniid- 
iiig light aw-embly is installed fln-h with 
the lower siirfaec of the letl-hariil onter 
wing ]ianel. It can be lowered and 
-lopped at any intermediate position or 





leU'Hi-led by meaus ill' an elMtiii* iiiiitov 
controlled from r svrilcli ou the mnin 
control panel. A eutoS ewitidi is pro* 
vided on the unit which nutomatically 
etops the motor when the light renches 
its mnxinniio e.xtentleil or retraeled posi- 


Heatlog and Ventilating System 

The cabin is heated by two 3-in. metal 
tabes which take hot air from dircdlly 
behind the Prestonc radiator, and esr- 


pel it to two ducts on the ealiin lliKir 
lipncnth the pilot seat. The hot air 
duct extends between tbe engine and 
fuselage longitudinal heanis. Coo! air 
is supplied to the eabin by tiro diicti- 
which take air from the Prestoue coni- 
ing duel just fonvard of the radiator. 
Cool air is emitted to the enhin through 
the same ducts as the hot air. Selection 
of hot and cold or mixed air is con- 
trolled by two butterfly flaps, one of 
which is located on each duct Y at the 




union of each hot and cold air duct. Two 
L-shaped handles, located adjacent to 
each other on the floor to the right of 
the pilot seat operate the butterfly 

Air is cshaiisterl from the cabin 
tlirougb ducts over the rudder pedal 
well. These ducts lead to tbe cannon 
and .50-ca1. machine guns. Tiie air 
supply to the cabin is constant and 
only tenipersture may he regulated. Be- 
c.mse of this, there is greater air pres- 
sure in tbe eabin than in tbe gun com- 
partment, thus preventing fumes from 
the pun comparinient entering the cabin, 

The two flexible heater tube? emerg- 
ing into the gun eumpartroent extend 
upward and join together at a duct 
attached to the pan and feed chute 
assembly of the .50-cal. guns. Tbis duct 
has two flanged outlets which beat the 
guns. The forward end of the duct ex- 
tends downward and to the left and 
tiipei’s out fan shaped for heating the 
cannon installation. 

Vacuum System 

A vacuum pump is mounted on the 
rear of tlie engine and is tued far forin- 
iiig a vacuum essential for operation ot 
certain inatmmont.s. Pump include? a 
.suction line from the instrument panel 
and an e.xhuust line to the Pe.scu oil 
separator. A relief v«h*e is mounted 
on top of the vacuum pump to prevent 
over exertion of suction on ihe instru- 

A suction gauge mounted on the in- 
strument panel record? vaemim suction 
in Ihe lines. An air filter is included 
with the vacuum system and is mounted 
rm the left li.md forward inclined deck 
henenth the gun compartment cowling. 
This unit is maintained to remove any 
minute pavtielcs from the air tliat might 
become injuriou.s to the mechanism of 
the instrument. 

De-icing Egulpment 

De-icing equipment includes a glyeol 
spray to prevent formation of ice on 
Ihe windshield and a propeller blade 
de-icing installation. Both units are 
supplied from a single glyeol tank 
nimmted in the gun compartment ot the 
Icinvflvd fuselage. 

The windshield de-ieing etjmpmeDt 
I'.'iisists of a hand pnmp located on the 
I'ight-hnnd instrument panel, a nozzle 
assembly on the windshield, and a de- 
icing rheostat, also on the right-liand 
instrument panel. When the pump is 
opar.-iled, n glycol fluid is drawn from 
ilic bottom of Ihe glycol tank and is 
jiiimped to tbe windshield nozzle ss.scin- 
bly located just above the windsliieiil 
armorplute. Tlip nozzle is curved to the 
windshield contour and is profusely 
liimctured to facilitate several streams 
"f fluid lo Ih> ejected upward cm Iho 
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i'ropellec de-icing ci^uipmeiit consists 
of nn electrlc-drivcn Adel pum|i with a 
filter, n nozzle assembly, a propeller 
'linger ring (included with the propeller 
Ms'Cmhly), and a control switch on the 
riglil-lnind instrument panel. When the 
coiilrol switch is lurticd on. Ihe electric 
motor pumps fluid from Ihe glycol tank- 
Thc fluid pas.ses Ihrough a filter before 
entering the pnmp and is .sent forward 
to llio slingcr ring which splashes it 
onto the blades. 


ronirni .S,v!<U>m 

The control system of the Bell P-39 
Airaeobra is of the .'tick type, the con- 
trol column attached to a yoke at tile 
cockpit floor through which the engine- 
diive .shaft runs from behind the pilot 
to the propeller reduction gear box. 
I'ontrol column travel is regulateii by 
four stop bolts, livo of which are located 
.so that they contact the ailcvoii lever 
[regulating lateral movement), and two 
located to contact the yoke bottom 
(regulating fore and aft movement). 
Biidder pcd.sls arc adjustable in live 
[iii.'itions ranging from 3J in, for- 
ward to 3i in. aft of the 90 deg. 
'Hfting. They ai*e adjusted by two lever.?, 
ime located nutlioiml of each peclal. 
Tlie.se foot-operated levers arc spring 
loaded and release a pin from a stop 
when depres.'cd. Tlie main contiol cables 
are eonstrncted of cxlra flexible cor- 
rosion-resistant sleel and the control 
cniilc pulley? are of the anti-triction, 
hall bearing type. 

Elevator ond Aileron Controls 

Klevntors are controlled through n 
jmsh'pull tube assembly attached to the 
liuttoin of the control column yoke and 
nmning buck through the fusleage to a 
quadrant in the oft fuselage 'section. 
From this point, a duplicate cable sys- 
tem (four calilcs in all) extend along 
Ihe lower aft fn.selRge, around a set of 
pulleys at the extreme rear, and upward 
to the elevator control quadriint iit the 
elevator sjilicc bar. 

The • aileron lover on the control 
(silumn actuates an aileron link ro<l 
connected lo a qu.'idrant in the fuselage, 
fonlrol cables run outboard from this 
quadrant along the lending edge of each 
outer wing panel. At wing Rtn. 7.5, tiie 
cables make n flO-deg. turn lift find run 
lo a quadrant located on the forward 
side of the wing anxilinry beam. The 
qiiiidranl actuates n linkage nsscmlily 
that conncH? to ii lilting on the nilei-ili. 
lending edge. 

Rudder cimlrol coiiMsls of two link 
rods cmincciiiig the rudder iiedal.s lo two 
quadi'iint.-, in the renter aeelion of Ihi' 
fuselage. Control cahlo? are connected 
to these quadniiit.s and extend nfl 
through the fuselage, guiilrd and aiiii- 
portel by pulleys, Lo the rudder imn- 
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trul qun<irimt im ihc rudder 



Lflndinq flap centrals pewered by '/j.hp, electric molor. 



Flop Control 

^'lap^ are actuated by a A-hp. electric 
motor, located on tlic fuselage deck un- 
derneath the right wing fillet, and con- 
trolled by It toggle switch in the cock- 
pit. The motor operates two sprocket 
housings, one located immediately in- 
bosrtl ut each wing splice. The right 
hand sprocket housing is connected 
directly to the motor assembly by means 
of a drive shiift running through the 
fuselage. Sprocket bousing is attached 
on the outboard aide to the flap mech- 
anism consisting of a univeisal jobt, a 
housing, a screw, a push-pull tube, and 
five fnmhuckles. The universal joint 
attaches to a splined shaft of the 
sprocket housing and connects to the 
screw assembly which operates the push- 
pnll tube. This tube rolls along on five 
roller assemblies attached to the wing 
ansiliary beam. Tumbuckles form the 
eonnecting links between the pnsh-piill 
tube and Rap. Limit switches stop the 
flap motor when the flaps are completely 
up or down. If limit switches fail to 
work, a friction elutcb, which is part of 
the motor and adjusted to slip at an 
output torque, at slow speed shaft, of 
no in. -11)., will stop tie motor. 

Trim Tab Ccntrols 

Trim tabs arc located on each aileron, 
the rudder, and left-hand elevator. Se|)- 
nrate control knobs for all three are 
located on the cockpit floor to the left of 
the pilot scat and each is marked in 
degrees. 

A sprocket-driven chain from tlie 
elevator trim control unit is connected 
by tumbuckles to control cables which 
are supported l)y pulleys and run aft 
through the fuselage. The cables arc con- 
nected to a straight drive unit. A flex- 
ible drive shaft runs from the straight 
drive unit to the trim tab actuator in- 
stalled on the left-hand elevator beam. 

To the aileron trim control is con- 
nected a sprocket-driven chain connect- 
ing to control cables at the wing leading 
edge near the wing splice. Cables run 
outboard in the leading edge of each 
outer wing penel to wing Sta. 7.5 where 
they make a 90-deg. turn aft and con- 
tinue to the wing auxiliary beam. At 
this point cables attach to a chain 
which operates a sprocket drive unit 
mounted on the forward side of the 
auxiliary hearo. A flexible drive shaft 
connects the sprocket drive unit to the 
actuator mounted on the aileron main 

A sprocket-driven chain runs from 
the rudder trim control to a point .just 
aft of the fuselage turnover beam where 
it is connected to control cables which 
run aft through the fuselage and con- 
nect to a chain in the aft fnselage. This 
chain actuates a PO-deg. drive unit 
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which connects to tile trim Cab iiutuator 
on the aft face of the rudder beam 
Ihroiigh a flexible drive slinfl. 

.\i*Hiamon( 

Tin' Hell P-39 .l./arctoa 

eonsists of a 3T-m)ii. eaimoii loeatui! on 
tUe fuselage eeiitiTline jnsi almve the 
exlviision drive sliuft with Hu- gun bar- 
rel projecting Ihrotigh the I'ctluefion 
gem- box and piopeiler hub; two -50-eal. 
Type M-2 luaehine guns installed in the 
forward fuselage just ahead of the pilot 
and synehronisted to fire through th<’ 
pi'opeller arc; four ,SU-ciil. five liring 
miieliliie guns instnllod in pairs in emh 
outer wing panel. 

Camion and mncliine gnus are iiiaii- 
UixUy eharged and electrically tired by 
solenoid units aetuiitcd by two liring 
switches on the control stick, one for 
the camion and the other for iiiaeliiiie 
gnus. The .aO-enl. guns are equipjied 
with Ihime suppressor blast tubis. An 
impulse tube type syiiidironixer is iisisl 
on these gjins, the tidies fabricated from 
vhrome moly steel iiiid clamped to the 
gun hairels at approximately 12-iii. 
inlei-vals. Exhaust louvres ai-c instiiUcd 
ill the gun eompartiiieiit cowling to 

Eaeb ,50-ea!, giin has n M-paralc am 
niiiiiitioii cose containing 200 rounds. 
Ejection chutes are jiroviiled to carry 
oft links and cases. Roth chutes deposit 
ibeir contents into a trinnpilar space 
between the longilndiiml beam.' and 

Each set of .3 (I-chI. guns lins an am 
munition box located outboard of the 
gnus between the front and rear beams 
Itoxe*. contain 1,000 rounds, 700 of 
whie!) are considered alternate load. 
Kjiwtion chutes nre installed for wing 
gnus, the links dropping inlmard from 
their respective gnns anil Ilii‘ eases 
dropping straight clown. Foui- small 
(Umiw on each lower wing siirfnee eject 
the contents into the slipstream. 

The 37-miii. inngnr.iuc is n circular 
endless belt type installed around the 
cnniuin and eonfnining .10 ivmnds. -\n 
e.ieelion conipartnient for links and 
cases is located belweeii the longitndinal 
bi-ams’ web and miter skin. 


.1 considerable aiiiuuiil of .irinor is 
insinlled at vital points on Ibese uir- 
lilmie.'. Homogenous steel plate, face- 
hardened steel plate, and iinllel-prtmf 
glass are used. 

-\riiior plate at the pi'opeller rediii- 
tioii gear box consi.sts of 5 pieces of 
J in. homogenous steel and completely 
proioet the gear liox from frontal fire. 
The fume-tight Imlklieml aimor plate 
between the pilot and gnii c-mnpartnient 
is fnslened to tin- lorwanl side ninl i- a 
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Armor InMiallalion 


Anna 


Inslallaliuii 




windshield armor glass 


mounted al the bottom of the simniglit 
support miMiiii; and al the top of the 
ti'anS'‘orsc wiiidi:tueld fniiiie. In con* 
junetirm with the armor plate at the 
lower outaide windshield, it protects the 
pilot from frontal Hro- 

Aft armor glass is 2^ in. thick and 
is located in the cim-e of the fuselage 
liiniovcr beam aft of the pitot. It is 
lield securely in place by a jamb nut 
and dov'etiiiled serew wliic-li fastens to 
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Ihe aft lave of the turnover bulklicad. 
Tile pluio U of a general horseshoe 
shape and fits around the aft armor 
glass, giving pilot full rear protection. 
A i-in. faee-hnrdeiied plate is bolted 
to tlic hulkheml .iusi aft of the oil tank 
Close-up of H-in. homogenmis sled armor and U designed to protect tbis tank. 
plate installation proiccilng rpdaciion g<ar The forward armni glass is li in. 
box. iliiok and is located above and forward 

of the gniislglil in the cabin. It is 
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Opposite Propeller Rotation 
. . . Shall It be Inboard or Ontboard? 


By JEAN H. HAMELET, 

What's the ease for opposite rotation? And whieh direction is best? 
initiaiiy, this question arose in the desiqn of fast twin*enqine ocean 
warships. Comporabie probiems with airplanes are ably discussed 
by the author, who reports his rotation preference for aircraft. 


M ost aboumekts end wheie tbe.v 

should liiive begun — in delinitions. 
Id this discussion on opposite rotslioii 
of right iind left proppllers on multi- 
engine planes, we will eousidi.-i- direction 
of rotation in relation to the upper 
blades, with right und left as viewed 
from tlie rear. The terns inboard aud 
outboard, ns illustrated in Fig- 1, are 
imelmtiged by front nr roiir view. 


Fig. 1 



//r Oo gn y rofoHng 



Outboartf rolating 


The general desirability of ojjpo.-ite 
rotation is fairly obvious, sinre by llii> 
means engine tois(ucs aie baluncetl 
uguinst each other, whereas in single 
dii-eetiou rotation they are added to 
eneli other. Tlie question of deciding 
between inboard or outboard direction 
in opposite rotation cnii, however, beui- 
liirther investigation. Governing fac- 
tors in liny decision on the whole prob- 
lem live production and inaintenanee 
i-ost*, balanced against advantages at' 
performance. 

The two types of pvo|ielleis and n-- 
rluction gears uecossary for oppositi- 
rotatiou ruiac definite complications. 
Fiirtliev research on the matter of per- 
formance may ofl^er compensations in 
future i>roetiee. 

In analyzing the iiuestion of best per- 
rormance. it may bo protitable to review 
Ibe oloaely iclated proiilcms which arose 
witii the first twiii-eugiiu- di-slroyers 
built to plow the seas about the licgin- 
niiig of the century. Those were de- 
signed with l)oth propellers liirniiig in 
the same direction. 

.\fter some expeviein-e with tliem. the 
need for opjiosile rotation wa.s recog- 


nized, But tor yeaia, argument went on 
lielween naval engineers as to what solu- 
tion was best. Fventuiilly, one solution 
prevailed, am) now all twin-engine 
destroyer-, have outboard propeller rota- 

It is interesting t<< observe here tliat 
lIiLs is not the be>i solution as far us 
speed is eoneerned. The decision was 
impo.scd by considerations of maneuver- 
ability, and the -same eompionuse holds 
for airplanes, altbough for different 
vcasoiK. 

Lower bhides of surfuce-sbip propel- 
Icrs exert move pti.sh than npi)cr blades, 
due to increased pressure of water at 
increased ileptb below surface. Refer- 
vbg to Fig. 2, a right rotating propeller 
will thus cnn.se deflection of stem lo llie 
right, musing the .ship to turn left. Tlii- 
iniglil be coinpiiriil lo Inrque and .slip 
stream-offsel effects on o plane. With 
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will happen — llint is, the sUn-ii of the 
ship will tic pushed to the left, while 
itie -ship will tiim to the right. 

This couple created by the screw is pul 
10 use by single-engine boats in harbors. 
With right rotation, a ship will turn 
easily lo tbc right, almost on the spot, 
using successively forward speed, with 
light niddcr, and reverse speed. In 
forward speed, the propeller backwash 
ou the rudder beats Ibe couple of the 
-iwew, leaving a re.sultant which pushes 
tlie stem to the left. In reverse, the 
screw turns left ami its couple also 
pushes llip stern to the left, turning 
llie liow eontimiolly right. 

The same ship laming left pn-seut.' 
a dilTiTent picture. Every gain in for- 
ward speed, this time with left rudder 
adding to the coiiplc. will lie offset by the 
couple in reverse, where the rudder is 
practieall)' inactive, and miK-li uiure 
'pace will he required. 

Consider now a twin-engine ship, a-- 
-keteheii in Fig, H. If it has oiitboavri 



screw fi-oni the renter line of sliip causes 
;i moment of rolulioii of the whole .ship, 
night engine forward pushes the liow 
left, the stem right. Right engine in re- 
verse jndls how right aud the stern iefl. 

It ran be seen fi-om this timt in oul- 
luianl rotation, liie effects of propeller 
loiiple and offset arc added Iiotb in fnr- 
ininl and rever.se .speeds. Willi inboard 
lolalioii they will be snbtraclcd. .Vs tlie 
hull of a destroyer is long aud narrow, 
inboard i-otation had to be abandoned 
lierause this type was impossible to man- 
euver efficiently in harbors, although 
for s|ieed it was .superior, 

Effeett on Single Engine Flane 
[n the cu-ai of rotation effect with 
siiiglu-engiiie aireraft, torque is first con- 
sidered. This nieuiia that with right re- 
lation of propeller, the plane itself tends 
lo bank left, which luii.st he compensated 
(Tari. to page 381) 




PAN AMERICAN 
AIRWAYS 



Heme from the shy comes a queen 
of incer-continental flight . . . com- 
pleting another mission laden with 
men and materials of w'ar. It is with 
great Clippers like these that Pan 
American Airways System has 
blazed new sky trails all over the 
world — flightways that have proved 
invaluable in our present global 
warfare. 

Like other leading airlines. Pan 
American flies with B, F Goodrich 
equipment. Planes flv safely through 
dangerous icing conditions, thanks 
to B. F. Goodrich De-Icers. Pilots 
of land-based Clippers make safer, 
smoother cake-offs and landings on 


B. F. Goodrich Silvertown Tires- 
And B. F. Goodrich shock absorp- 
tion pads, cubing, grommets and 
Rivnuts also travel with the 
Clippers. 

B. F. Goodrich salutes the great 
planes and great achievements of 
Pan American Airways System, Inc. 

, . , "Airline of the month.” 





AVI.VTIOX. Miiy. 1P4S 





Wide renge of uses 

Although developed primarily as a nut plate for the 
attachment of De-Icers, Kivnuts have found many 
other important uses in secondary and, in some 
cases, primary structure — in metal, plywood or 
plastics. These uses include: the attachment of land- 
ing and navigation light assemblies, instruments, 
hllets and fairings, Fowler flaps, insulation, and 
access doors for bullet sealing fuel cells. 

Con Rivnuts help you? 

If you are engaged in aircraft manufacture or main- 
tenance. chances are you can use Rivnuts to great 
advantage for applications of the type listed above, 
or for specialized applications of your own which 
require "blind" fastening. Why not tell us about any 
particular assembly problem you may have? We’ll 
be glad to give you our recommendations. Aero- 
nautical Division, The B. F. Goodrich Company, 
Akron, Ohio. 


B.F.GOODRICH RIVNUTS FOR 
FASTER AIRCRAFT ASSEMBLY 




K VNUTS are internally threaded tubu- 
lar rivets accurately machined from 
highly corrosion-resistant aluminum al- 
loy. By the use of special tools. Rivnuts 
can be pulled up while working entirely 
from one side, forming a bulge or head 
on the under side. This upset is large enough to 
resist being pulled through the metal skin, even 
under heavy load. Rivnuts may be used as a nut plate 


The Rivnut offers a combination of advantages 
which make it unique among blind fasteners. It is 
extremely simple in design — in fact, the only one- 
piece blind rivet that can also be used as a nut plate 
after installation. It is light in weight, low in cost, 
quick and easy to install. Because Rivnuts upset by 
bulging laterally, they expand to fill the hole in the 
skin and have a spring effect under load. Rivnuts 
may be inserted in a smaller hole in the skin due to 
their compact design. Threads are counterbored, 
thus making it easy to insert the screw. When up.set, 
Rivnuts have a wider bearing area than any other 
blind fastener. They are made in three screw sizes 
and a complete range of grip lengths. 


MAKERS OF B. F. GOODRICH TIRES AND OVER 80 RUBBER 
AND SYNTHETIC RUBBER PRODUCTS FOR AIRPLANES 


RIVNUTS SAVE TIME AND MONEY 

Wherever blind fastening is needed! 








PRIVATE GEORGIE GREMLIN SCORED 0 ON THIS 

CAN YOU SCORE 100% ? 

(Pick correct answer from a, b, and e — see en<f for score) 


][ , The weather in Africa causes tires to deteriorate 
faster than the weather In Russia because . . . 

a. Bright sunlight has deteriorating effect on 
tires. More sunlight in Africa, therefore more 
deterioration. 

b. Terrific sandstorms blast tires in Africa. 

c. Desert heat melts tires. 

2, Private Jones got bawled out for spilling oil on 
a fire because. , . 


6. Underinllatlon is harmful because . . . 

a. It causes early failure of cord in the tire 

b. It causes plane to bounce when landing, 

c. It causes serious tube shrinkage. 

7. Valve cores should be checked regularly , , , 

a. Because leaks often develop at the valve core. 

b. To see if they need lubrication. 

c. To prevent valve tap. 


a. It made tire s!ipp>ery. 

b. Oil is extremely harmful to rubber. 

c. There’s an oil shortage. 

3« Tires should be examined regularly because . • . 

a. The Army is compiling tread -wear statistics. 

b. If bruises and cuts are not discovered in time 
and repaired, tire may blow out and cause a 

c. Treads may be slipping. 

4, Tires should be repaired when cut to the cord 

a. Cords will rot; tube will be unprotected; tire 
may blow. 

b. Air friction may set tire on fire. 

c. (3ords hold tire on rim. 

5 , Overinflatlon should be guarded against be« 

a. The President is trsdng to curb inflation. 

b. Overinflation causes rapid tread wear. 

c. Overinflation increases tire weight. 


8. Valve caps should be on all valves because . . , 

a. They make a more streamlined appearance. 

b. Caps keep dust, oil, and moisture out of valve; 

c. They are standard equipment on all Army 
planes. 

Deflection ribs are placed on smooth-contour 
* tires to . . . 

a. Measure growth of tire in service. 

b. Measure thickness of tread. 

c. Show when a tire is properly inflated. 

10. Proper sbe tube should always be used be* 

a. Wrong size will either wrinkle and become 
pinched or stretch and lose air rapidly. 

b. Too small a tube constricts the bead. 

c. Too large a tube wastes vitally needed rubber. 


N 

WHAT IS YOUR SCORE? 

Each correct answer counts 10. 1-a, 2-b, 

3-b, 4.a, 6.b, 6-a, 7-a, 8-b, 9.c, 10-a. 


This is one of a series of maintenance quizzes prepared 
for ground crew trainees of the U. S. Army Air Forces 
Technical Training Command. It is our hope that this 
series will help all maintenance men get maximum ser- 
vice, safety, and efficiency from military, commercial, and 
civilian aviation equipment. 

B. F. GOODRICH AERONAUTICAL DIVISION, AKRON, 0. 



by left aileruu trim. This iiicrease* drag 
.lod adds a slight teadenoy to turn left. 

Another rotation effect is deviation of 
ilie slipstream, as sketched in Fig. 4. 





less importniit tlian torque effect, it is 
not alnays negligible. Deviation above 
tlie wing usually preponderates because 
it has more chances of affecting tlie 
vertical tail surfaces, usually higher than 
the wing. Tide ie especially true of 
flying boats. With the ease in Fig. 4, 
the tail will he pushed to the rigid, con- 
tributing to left turn tendency. 

Both these effects of torque and devia- 
lion are felt principally during initial 
period of takeoff, first because engines 
arc at full speed, second because the 
controls have little action. Planes with 
powerful engines and large propellers, 
like the p.47 Tliwidtrboll and the Eng- 
lish Spitfirt, require some right-wheel 
brake, as well as right rudder, at the 
-start. 

The effects will also be felt more on 
flying boats tiiati on lasid planes, because 
initial acceleraliun of a flying boat is 
smuller, due to liydrodynamic re.sistaiice 
of the hull. Also, on a seaplane, the 
increased pres.snre on tlie left pontoon 
(still with right rotation) will ho much 
more important in its effects than pres 
sure on the wheel of a laiidplane. 

Multi. Engine Plants 

As with surface ships, a propeller 
mounted on the rigid or left of an air- 
plane (this will be called offset) will 
create n moment of yaw or tom. By 
different direction of rotation, effects of 
offset and torque may be added or sub- 
tracted, Deviation must also be con- 

Rdferring to Pig. 5, let us consider a 
starboard . propeller turning right or 
outboard. Torque effect is to tlie left; 
offset effect, evidently to the left. Devia- 
tion, on a single fin ship, will have no 
effect from this engine, but will ezerl 
a turning force to the left from a right 
rotating propeller on the left side. On 
a double fin ship the right engine as 
well as the left will cause a deviation 


effect, giving a third tendency to turn 
left. 

A slight increase of speed will result 
if the slipstream does not meet the tail 



will also be less, since the slipstream is 
turbulent. 

Outboard Opposite Rotatien 

Here all effects balance each other. In 
the case of a twin-engine plane, it is 
fine as long as both engines are running, 
but with one engine slopped, poor per- 
formance will result. 

For example, in a turn to the left 
with left engine stopped, everything 
pushes the plane into that turn. Tend- 
ency given by torque is to increase the 
bank, that of offset to increase rate of 
turn, Only a flat, cautious turn may be 
made to the left with left engine stopped. 
If we want to turn right with same left 
engine stopped, an excessive bank, or 
reduction of power, will have to he used, 
producing a loss of altitude. 

Inboard Oppeslta ftolatlan 

Referring to Fig. 6, let ns consider the 
port propeller, which turns right. 



Torque elfeot is to the left, offset effect 
is to the right, deviation effect to the 
left. The two most important considera 
tions, torque and offset, ore opposite and 
they more or less compensate each 
other. 

In a turn to the right with right engine 
stopped, the tendency of left propeller 
torque U to decrease the bank, so atabil- 
iziug the turn. Compensating the offset, 
It also aids a left turn. The agreeable 
result, for the pilot, is to be sure of a 
good performance on one engine, with 
good maneuverability. Ton can turn on 
the side of tbe feathered propeller, even 
with a good amount of power on the 
remaining engine, without worrying 
about bow that turn will end. 

This fact appeared so important to 
aeronautical engineers of the French Air 
Department that all twin-engine planes 
built in France after 193S had inboard 
i-otatiug propellers. 

SpecHis Case of the Nylag Beat 

There is always some kind of extra 
complication when you come to flying 
boats, Here it ariees from the fact that 
the propellers cannot be mounted high 
enough to keep absolutely clear of the 
water. Daring the takeoff— especially 
during the first part of the takeoff — a 
a lot of water and spray is projected on 
both sides of the hull by the bow. 

If the propellers turn outboard (see 
Pig. 7) these projections will meet the 



lower blades with opposite velocities, 
with the risk of wearing or even bending 
them. Even it this does not ruin tbe 
propellers, there is great reduction of 
their efficiency daring tbe early period of 
the takeoff. This bad effect will be ag- 
gravated when the boat is heavily loaded, 
and also when tbe sea is choppy. 

With inboard rotating propellers, 
noChing of the sort happens. For the 
water projected by the bow is “pnmped” 
by the propellers and projeoted out- 
board without extra streeaee on the 

Although less important than the take- 
off, taxiing on the water should also be 
considered : With inboard rotating 

(Turn to pagi 393) 
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Power Generation 
From Aireraft Engines 


By R. L. FINDLEY 

Consulting ond Applieotion Engineer, V/estinghouse Eleetrk S Monuteeturing Co. 

Thousands of airplane engines dissipating their energies in test eells 
night and day, countrywide, present a picture of waste net to be 
ignored. The means to return 40 to 60 percent of this power for more 
production, white saving space and cutting change time between runs, 
are fully presented hero. 




S EVERAL METHODS of production test- 
ing of aircraft eogines have beeo 
developed in recent years to recover 
u large part of the power generated dur- 
ing test runs. Tliii bas been brought 
about by the rapid naliunal expansion 
in the number of engines iimnufactured 
and by the increase in sizt of the en- 
gines. The engine plants using potrer 
recovery or "feed-back" equipment for 
loading the engines recover from 40 to 
{10 percent of tbe power required (u 
manufacture more engines. They are 
approaching the old adage of “lifting 
themselves by their boot sti'nps.” 

Testing of aircraft engiucs is niiliho 
that of the automobile engine in Ihiil 
each engine is given a complete test of 
eiglit to twelve hours including tear down 
and inspection. Tliesc tests include 
engine loads up to and including Ihiil 
which would be developed during tnhe- 
(ilf of tlie plane- These are standnnl 
production tests. The niitiimiim test fur 
every engine is one such test. The exact 
testing schedule of boirwjpowcr load.s, 
sjiccds, and time interval depends |iii- 
inarily upon the type of service of the 
engine. The loading tor'ine during the 
test iiivreiises with speed. It will vary 
I'i’oiii a straight line incvi'use to a srpnii ed 
increase, tbe latter corivsponding to that 
of a constant pitch propeller. 

Thus a very considerable amount of 
power may be recovered l>y some “feed- 
back” method using electrical machines 
for loading; or it may he wasted by !>vo- 
peller or brake testing. Tlie usual 
method of loading in the jiast has been 
with either a constant |)ilch flight pro- 
treller or a stubby bladed propeller called 
a “club.” Either of these were calibrated 
to determine tbe horsepower absorbed at 
the various speeds. This method bad 
been considered as standard. However, 
the i>ast three years has witnessed con- 
siderable interest and activity in load- 
ing with some type of electric brake and 
electrical “feed-back” equipment. 

The consideration and application of 
other methods for loading the engine has 
pi'injarily been brought about by four 
factors: 

1. Increase in both the horsepower of 
the engine and in the number of engines 
being manufsetured in one plant. Avail- 
able power from tests is suSicient to 
be worth utilizing. 

2. The fact that nexv engitieering tal- 
ent from the automotive industry is not 
influenced so strongly as to past practice. 

3. Time saving in changing engines on 
a test stand. This increases production. 
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jmi'Is, lurqiic arm, and scale 
(b) Electric bi'iike consisting of 
eddy-current or iiidiiclor type 
gencralov with cradle parts, 
torque nnii, and seale 

3. Electrical "I'eeil-lmi-h’' le'ling 

(a) Synrhvimoiis alternafor, either 
.single nr two spee<I, with a slip- 
type emiplitig 

{1)1 Wound mloi' induction gcnui'a- 
loi*, cither -siTigle or two speed, 
with sceondary loading control 
Ir) Din'd cniTuiit gcneraloi's with 
motoi' generator sets 
(d) .Squirrel cage indnelion geii- 
ei'ators, either single spee<l or 
ninlli-speod, with a slip coupling 

Firit Costs and Economies 

The relative costa of these vailons sys- 
leiiis involve so many faelurs ns to size 
of engine tested, number of test stand.', 
and location of test house that definite 
flgnres and lecoinmendutioiis cannot be 
mailc. In general, the lowest first cost 
of testing equipment for i-ngines tlo^ 
lip. and less is the siinj)lc propeller 
method- This is particularly true pro- 
vided the testing is made outside cor- 
porate limita. Eonnd proofing the en- 
gine test cell may he quite inexpensive. 

For le.st houses of 25H to 750 l)p- lo- 
cated inside cor|)mnle limits, where 
sound proofing agniii«l the pi-opc-tlcr 
noise is rctpiired, the electric hraki. will, 
in general, be move ecniiomic-al. Outside 
corporate limits and with a minimum 
amount of sound pruollng, the [iropellcr 
method may still he the more economical- 
The electric hieke i* wjiler eofiled. 'i'he 
rost of cooling waler may fnilller elVeot 
the economics of the two method-. 

The testing erpiipiueiil wilh lower tirst 
cost for lOtio to 1500 hp. will nsuslly 
Im' round 11- Ihc walei- cooled electric 
brake. Even wilh velntivi'ly expensive 
cooling ))'aLGr, a cooling tuwei' ami u'uter 
circulating equiimieiit may be iiiehided 
in the cost diffeveiiUal behveen the lest 
cel! with electric bnike. und the pro- 
peller house. Till' lioisepower hours 
developed by an engine in the u|>[)cr 
part of the 1000 to 1500 hp. bracket 
is snfticicnt to warrant investigation of 
j)ower reco'vry or “feed-back” loading 
equipment. 


n ef 1.200-1,800 hp. engine luarling equipment. Approxim 


As u eompai'isoi), un average cost per 
le-i cell using 11 single si>ecd iillernnlor 
with a slip type coupling for testing 
1200 to 1300 hp, aircooled engines is 
appiDximutely $05,000. This figure is 
bii.sed on a test house with a minimum 
of 15 test stands using cummon oil, gas, 
and carburetor air service for the en- 
gines, individual exhaust and supply 
fans per cell, a common genei'ator and 
control room, individual engine cells, .and 
a double operator's loom. The same 
general arrangement using a water 
cooled electric brake la approximately 
$12,000 less per lest cell. 

Power recovery tiom the "feed-back" 
('Quipnient based un engines per dav 
am] valued at Vne. per kwh,, U ap- 


priiximalely .$5,0U0 u year per cell. The 
j>ower recovered |)ays the ditTei'eiice in 
first coat of Ihc lest ccU in 3Vs ycurs- 
The sound proof propeller house with 
■ipproxiraate cost of $38,000 is balanced 
with the recovered power in 1% years. 

The picture of first costs for testing 
equipment changes somewhat for the 
higher output engines. First eo.st of 
jrower recovery equipment versus pro- 
peller testing is about the same fur a 
2000-hp, engine. Above the 2000 hp. 
rnling. the power recovery equipment, in 
general, will have a lower fii'st cost per 
cell. Again this is based on a test 
limtse with 15 or more test stands. As a 
comparison of the two methods of te.st- 
ing, tbe aver.Hge cost [icr test cell for an 
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Synehreneut generator of 1,250 kva. and fOO rpm.. »ith megneik «1ip coupling foi 
tesllng 1.200,1.800 lip. engines. 


flirvooIc(2 engine above 2000 iip. Qsing 
;i wound lotor induction generator is 
upprozimatel; $95,000 per test cell com- 
plete as compared to $110,000 per test 
cell for propeller testing- The value of 
the power recovered further favors the 
power recovery equipment. Valued at 
4c. per fcwh-, 14 engines per day and 
u 300 day year, the recovered power is 
.$11,000 per test cell. 

The floor space required per test cell 
for power recovery equipment of the 
higher horsepower test stands is consid- 
erably less than that for a propellci' 
house. This comparison is further ex- 
aggerated if space requirements are 
figured on the basis of the number of 
square feet floor space to test a given 
number of engines in one day. On this 
basis, the floor space for propeller test- 
ing is approximately double that for 
jjower recovery equipment. This is due 
both to more floor space per cell and 
also the longer time required in mount- 
ing and “readying” an engine for test. 
.'In average time of change for an air- 
cooled engine tested on an alternator 
with slip coupling is 30 min. total 
elapsed time from the moment the igni- 
tion is “cut” on one engine until the 
following engine is ready to fire. 

This compares very closely to an aver- 


age of 40 min. fur a liquid cooled eiigiiu' 
loaded on an electric brake. The corre- 
sponding average time interval for 
changing engines in a propeller test 
cell with the engine mounted on a steel 
cylinder several feet from the floor is 
approximately hr. 


Alternator Testing with Slip 
Type Coupling 

I’roduction testing (note Figs. 1 and 
2) using a synebronons alternator re- 
quires some type of slip coupling to per- 
mit the alternator to operate at its 
synebronous speed and the engine speed 
to bo varied ever the required testing 
schedule. The coupling may be either 
the electric or hydraulic type. The elec- 
tric type may be aircooled or water 
cooled. Since the aircooled type is con- 
siderably larger and, therefore, more 
expensive, it is not commonly used. The 
hydraulic type is cooled by circulating 
iu oil through a water cooled heat ex- 
mianger. The alternator U started as a 
standard synchronous motor by connect- 
ing it across the a. c. power system. 

In event the starting kva. is excessive 
for capacity of the power system, it is 
started first at redneed voltage and then 
transferred to full voltage. During this 
starting operation the field of the elec- 
tric coupling is opened or the oil of the 
hydraulic coupling is removed. The en- 
gine crank shaft thus remains station- 
ary during this starting period, The 
engine is cranked and brought to its 
firing speed by increasing the field 
strength of the electrical conpling or 
increasing the oil level in the hydraulic 
conpling. 

The engine is loaded on the alternator 
when its propeller shaft is operating 
above the synchronous speed of the 
alternator. In event loading is desired 
below this speed, the alternator is dis- 
connected from the power system and 
the output shaft of the coupling is locked 
by a holding brake. Entire engine load 
is absorbed by the coupling. Field 


Fig. 4. Wound rotor induction generator 
loading 2,000-2500 hp, engines. Approximate 

weight 18.000 1b. 



strength of the electric coupling or oil 
level of the hydraulic coupling deter- 
mines the eugine load. Capacity of 
.he coupling limits engine loads at these 
reduced speeds. At propeller aliaft 
speeds above the alternator synchronous 
speed, engine load and speed are regu- 
lated by the throttle setting and field 
strength of the electric coupling or oil 
level in the hydraulic coupling. The 
.’ower of the engine is nb.sorbed both 
by slip coupling and alternator. 

The horsepower absorbed by the slip 
coupling is— 

Hp. to ooupliog = 

Engine b. hp. (Engioe rpm.— Oeaerator rpm.) 

Eogioe rpm. 

Tlic engine rpm is the speed of the 
pi-opeller shaft. 

Kp. to the alternator « 

Engine b. bp. X OeneraEor rpm. 

Engine rpm. 

The horsepower delivered to the gen- 
'srator, minus generator losses, is the 
power delivered back to the plant system 
to manufacture more engines. 

From the above formula, the neces- 
sity of picking the correct generator 
speed is apparent. Speed of the genera- 
tor must be such as not to overload the 
coupling or waste too much power dur- 
ing the testing below generator yn- 
idironous speed. Also, since the larger 
part of available power occurs near top 
speed of the engine, the generator speed 
should be kept ns high as possible. This 
gives minimum loss in the coupling and 
maximum power delivered back to the 
factory distribution system. 

For testing schedules where engine 
torque iiici'eases as the square of the 
speed, or very nearly so, the correct 
speed of the generator is approximately 
70 to 76 percent of rated engine pro- 
peller shaft rpm. This will be affected 
somewhat as to the relative lengths of 
tests at lower speeds and higher speeds. 
With unusual emphasis on tests at 90 
percetit speed and above, ratio of g«n- 
erntor speed may be 80 percent, Before 
making a final selection of generator 
speed, power recovery for two or three 
speeds should be made using proposed 
test schedule, Generator kw. capacity 
per rpm. is essentially constant near 
these speeds. This indicates cost of elec- 
trical equipment is not greatly affected. 

Some advantages will be gained by 
using a two speed alternator. A smaller 
imd less expensive coupling may be em- 
ployed atEd a greater percentage of the 
engine power will be recovered. How- 
ever, cost of the alternator and its con- 
trol will be increased, offsetting these 
advantages. Two comparisons arc shown 
in Tabic I, 

Several schemes may be used for 
loading the engine below synchronous 
-speed of the alternator, including — 

1. Docking output shaft of slip coup- 
(2'urn to page 351) 



Altarnoter of 1,250 kve. and 720 rpm., with hvilraiillr dip cmiplinp usnl for tr-iiap 
1,500-1300 hp. engines. 
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MECHANIZE 

Your Screw Driving Army 


THtLUPS scnim permit , 

FAST DnmN& METHODS ,f lem* in plant* that use s< 
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MANUFACTURING SECTION 

H^draalie Efficiency of Rnbber Pads 


By WARREN TUCKER 
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MANUFACTURING SECTION 


perfect fluid, wall frietiou will have 
some effect on the Tesults. Readings 
were taken at the locationa shown in 
Fig. 3 to determine the amount and 
effect of this friction. In actual prac- 
tice the Bve points were on different 
•ides of the box to facilitate testing, 

Equipmoiit used In the experiment, 
shown in Fig. 1, consisted of a ten-ton 
HPM laboratory press, two rubber pads 
of 50-60 Duvometer supplied by tbe 
B. F. Goodrich Co., pad holder, pres- 
sure gages, dial indicator, and an auxil- 
iary hand pump. Pressure was trans- 
mitted to tbe rnbber by a punger 4li 
x4i8 in. The set-up is shown diagraiu- 
matically in Fig. 4. 

Procedure was as follows; When the 




face of the plunger wn.^ exactly flush 
with the inside top of the clmmber 
wall, the dial indicator (so marked in 
Pig. 4) was set at 0. Pressure was 
liicn built up in the main ram, which 
forced the plunger into the chamber. 
The next step was to build up pre.ssure 
in the nuxilicry i-ylinder. until tbe dial 


indicator was again brouglit to 0. The 
difference between main and auxiliary 
cylinder pressure reading* gave the 
iiicnsuve of static hydraulic eflicicncy 
of ihe rubber pad. 

This process was repealed at the va- 
rious locations shown in Fig. 3, iiidi- 
{Tuni tn page 300) 
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THIS NEW METAL IS A "NATURAL" 

m£m9££s 


Stout resistance to heat and corrosion 
are two important reasons why 
Armco Aluminized Steel is being 
used for firewalls in many of the new 
fighting planes. Tested and approved 
for this task, it is now undergoing 
tests in ait-intake filters and other 

Armco Aluminized, a new spe- 
cialty product of Abmco's Research 
Laboratories is an aluminum-coaled 
steel. It has the strength of steel -and 
the surface-advantages of uluiiiinuni. 


Armco Aluminized resists heat dis- 
coloration up to 1000° F. and with- 
stands severe osiidation at higher tem- 
peratures. Its corrosion resistance is 
due to the formation of a tight, self- 



healing oxide film on the aluminum 
coating. This coating clings firmly in 
moderate drawing and forming op- 

In tensile, yield, impact and fatigue 
strength, Armco Aluminized gives 
you the values of its mild steel, or 
copper-bearing steel base. You can 
buy it in sheets or coils; gages are 
lfito28. 

For prices and complete data, write 
to The American Rolling Mill Co., 
1191 Curtis St„ Middletown. Ohio. 



THE AMERICAN ROLLING MILL COMPANY 



50 pBi-ccat. Improved maiuifni-uiniig 
methods bave givcu the company the dif- 
ference betn-cen par and tbe proditi-lion 
“eagles'' trbich bave been scored. 

Wbat, tben, are some of tbe methods 
which bave made possible this progress 
in reducing man-boorsl Let us consider 

Willi tbe inception of today's large 
irdci-s, wliicb have brought huge ami 
originally unanticipated expausious, 
several problems arise if attempts arc 
made to .ndhere to the old methods. For 
instance, plant stockroums would be 
hopelessly inadequate to iiold the mil- 
lions of finished parts. At tbe start of 
Liberaior production, all available waie- 
house facilities in San Diego were 
teased. lied the old methods been re- 
turned these facilities would not only 
have been filled but wonid have orer- 
llowed to hamper production. Kveu 
under present roiistruction practices, 
new warelioii.'es are constantly being 
huill. 

This parts storage problem brought 
about tbe necessity for esLablisbmcnt of 
a flow of raw materials through fabri- 
cation processes into subassembly lines 
and also the flow of subassemblies into 
the final assembly line. At each point in 
the process of manufacture, the right 
number of fabricated parts must reach 
the right place at the right time, and 
the entire flow raii?.t be in a direct line 
to the last operation before testing Ihe 
completed aircraft. 

The first step was to get each fabri- 
cating and subassembly department in 
the plants scheduled to produce parts 
and components at the same rale that 
the aircraft were coming oft the final 
assembly line. This resulted in abolish- 
ing tbe central finished parts stockroom 
and installation of stock bins along all 
subassembly and assembly lines. It was 
found tliat this made a large cut in the 
number of man-hours required to move 
stock in and out of the old type central 
stockroom. Not only was there a defi- 
nite saving in tbe labor required to shifi 
stock, but it was possible to avoid tying 
up raw and fabricated materials. In 
general, the small stock bins carry only 
an eight to ten days’ supply. 

This system of handling stock, pio- 
neered by Consolidated Vultce, differs 
from other methods cunently employed 
by many fabricators in the industry and 
is to some extent responsible for the 
company’s success in cutting down m.nn- 
houL's on the Liberator. 

When the assembly line first enme 



under consideration, there arose the 
problem of whether tbe line should be 
moving or whether it should stand still. 
There were two obvious possibilities ; To 
leave the airplanes in process of fabrica- 
tion static and move the assembly crews 
from one plane to tbe next, or to move 
tbe airplanes and permit tbe crews to be 
stationed. Careful investigation resulted 
in a decision to mechanize all assembly 


lines. The flow of stock into tbe mov- 
ing lines was obviously simpler than the 
flow of stock iuto a stationary line, due 
to the fact that stock, crews, and tools 
were pre-positioned at a planned work 
area. With a stationary line, these three 
elements had to move rather than the air- 

Tbis brings ns to another caiue for the 
(Turn <0 page 356) 
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MOTOR TOOL 

Ball a**i Roller BeaJUtt^ 

LIVE CENTERS 


are firsf in favor with machine 
toot operators throughout this 
country ond Canada, The terrific 
drive of war production hat 
definitely established their sta- 
bility end economy. No burn- 


replacements. Overload or over- 
time, they hove the guts to take 
it — and keep on taking it. On 
every count, they are • • • 


Mait it a Ruk 
to Call M»t»r Tool 




MISSION ACCOMPLISHED 

. and bearings played their part 


HaV’E you ever wondered how air- 
plane engines drive warplanes througli 
the air at better than 400 miles per 
hour — without burning tliemsels-c-s 
out? Or, how aircraft instruments can 
be so sensitive that men fly unerring- 
ly to a speck in tlie ocean, and drop 
bombs with such deadly accuracy? 

The free-rolling motion of aiili- 
friction bearings makes these achieve- 
ments possible. Such bearings reduce 
Iriction to the vanishing point.. .keep 
mechanisms cool...postpone wear and 
maintain precise location of parts. 

New Departure ball bearings arc 
used by the millions in American 


war planes. In lact, New Departure 
has a major resjionsibility in the whole 
ball bearing war production program. 



Nothing rolls like a hall 

New'Depevitme, 


NEW OeSASrURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONN ECTICUT 


US 


1T4 
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Why Xot Forged Engine Mounts? 


SHIPS PASSING 


OyndTii^/il. 



Todav . . . Uiiii^lil - . . huge rarfio ships of ihp Air 
Transport Command are swiftly spaiininj’ oceans 
and continents uu niUsions which arc shaping the 
course of the war. Sonte arc speeding urgently 
needed battle supplies and ec[uipment; others are 
flying technicians, scientists, generals, to crucial 
fronts ... to Africa, .\uslralia, Asia, the Soutli 
Pacific, Alaska. 

Curtiss Commandos . . . the world’s largest twin- 
engined transports . . . arc a vital part of this 


hislorv*making aerial licet. They carry the goods 
of war today, hut in llie |>earetime era of tomor- 
row they will hel|i lo revolutionize world eom- 
mercc hy shrinking global trade routes from 
weeks to days, from days to hours. 


CIJ KTI,SS^>@>nfKI«HT 


By CHRIS FREY. ChM Tool Os>ifMr, SiO’T^ot Aonootlltal Gff- 


I F WE LOOK BACK ou the history of 
aircraft construction, we note that st 
one time planes were made almost en- 
tirely of wood covered with doped fab- 
ric. Metal was used only where abso 
lately necessary. As more powerful en- 
gines were developed, enabling the plane 
to lift heavier loads, stronger fuselage 
irnmes were required. Welded tubulai- 
construction was the answ'ei, and was 
accepted throughout the world wherever 
airplanes were made. 

With the introductiou of aluminum 
alloys into the field, construction was 
again revoliitiouised. Fuselage fraiiie> 
and wing ribs came to be pressed oin 
of sheet stock and assembled with a 
stressed metal skin by riveting. It ns.' 
still considered nece.ssnry, however-, lo 


Great itraagth, f«tt predncti«n. 
small shipping spaea, and easy 
assambly ara same of advantages 
claimed far the forged mount. 
This designer offors painted eom- 
parisens with the welded type. 

eomiiiue making welded ateel ueem- 
lilies for such highly stressed membevr- 
as engine mounts, landing gear, arrest- 
ing book, etc., as well as many small 
brackets that could not be fasbioacd 
satisfactorily from aluminiun alleys. Ko 
r'cvolutionary deviation from this prar 
lice was considered at that time be- 
cause planes of .ill models were made 


only in small quautities, and mass pr 
ductioD methods, as used in the autom 
tive industry, would have been out • 

Today, with large quantity produ 
tion and standardizatiun moving i 
ther e is a trend to forgings in order 
eliminate snmll steel assemblies. Mui 
brmdreds of skilled man-hoars arc suvi 
by this practice. And through the ii 
of propel' tooling, parts can be easi 
inuchiiicd to insure interchangeability 

Engine mounts are one of the iter 
which have not lieen seriously cousi 
ered in the cc'Tivovsion program, unlc 
we uiciitiuD the forged engine mono 
on Oei'inon Me-iserschmitls. When 
compare the forged mount with I 
welded type, there appears coiisidei-al 
rUfferencG of advantage iu methods 
niaiinfacture. Following are some 
(7’»v)i fo page 304) 


TRANSPORTING THE GOODS OF WAR 



SUDDEN DEATH.. . made in U. S. A. 


They asked for it. 

Axis gangsters took the miracle of 
aviation and made it a weapon of 
destruction. They bred their birds 
of prey, unleashed them — 

Naw they hear a laugher breed roaring 
ooerhead. Army Airacobras, made at 
Bell Aircraft, bringing sudden death. 

In three years— starting from scratch 
— we Americans created the largest 
aircraft industry in all the world. 


Spotting our enemies ten years we 
are already outbuilding them. This 
is a record we can all take pride in. 

When the world's skyla 
safe for peaceful 
travel and com- 
merce, the aircraft 

vanced almos 
yond imagi 


We men and women who designed, 
engineered and built the cannon 
bearing Airacobra, will be ready for 
an important assignment, © Bell Air- 
craft Corporation, Buffalo, New York. 





PACEMAKER OF AVIATION PROGRESS 



Aircraft Tool Planning 


By RICHARD H. LUDER^, 


Farsighted tool planning determines volume, quality and cost of pro- 
duction, as well as manpower efficiency. The author here concludes 
his study with consideration of the remaining eight points essential to 
good tooling in the aircraft plant. 


rpo RECsPiTULATEi last luontli we ciis- 
X missed twelve points ctssential to 
guild tool planning. These included ulti- 
mate part cost, sy.stem of coordination, 
iittaeliing points (intereliangeability), 
ma-ster tooling, importance of part or 
a.ssenibly, forming quality of -specified 
materia], necessary .figging, as-semhly lo- 
catiou, complicated assembly structures^ 
bench luisemhlies, jiroduction a-ssemblica, 
liiid design teqiiirements. To continue, 
the next point is: 

t3. Cheek Fixtures 

In cOE.iuimtion with major jigging 
uiid luo-ster tooling, check fixtures aiu 
iifCi-n built to check tbc os.sembled struc- 


ing ii sourer of tronblr. Sliuuld tliere hi- 

coiitoiii-s, growth of the strunlurc from 
riveting, .strain witliin the structure 
(warpage and spring in the structure), 
etc., tbc check fixture cun readily locate 
tlic trouble. Check fixtures are used on 
detail parts for hole location, hole size, 
or shape nud contour of the parts. Cheek 
fixturas arc usually left iu the hands of 
the iu.speetioii ilopartment, 

Use of check fixiure.s tor a sheet metal 

ilic start, but os parts or assemblies are 
liniduced. if certain diineultics as named 
nliovc arise, then cheek fixtiiies mast he 


piirijoses: One, they are asad to check 
Hie usscinblies or ship itself, fur liingc 
line alignment, clearances, or the swing 
or throw of a rudder or elevator, eto.; 
t'vii, if BQ assembly is removed from a 
,iig partially complete, and riveting nnd 
skinning is to be finished on a bench, 
a check fixture can be used to iiold at- 
taching points, brack 'ts, hinge lines, or 
any vital sections that must not lose 
alignment during the finish riveting. If 
pinnning can forsec these problems, 
tlieii much trouble can be averted, A 
tliorough background of experience is an 
nsset in iletenniniDg the need for check 
fixtures, 

14. Engiaeerinq Changes 

America is foremust in the thought 
that changes in the aircraft structures, 
even during the manufacturing proc- 
esses, are essential to the building of 
Kuyeriar aircraft. Even though these 
engineering changes entail considerable 
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Pilot's eompartment in pick*iip jig, vhich 
i* msiniy lo iioUl important units In posi- 
tion iluring riveting. This relieves assembly 
jig for assembling of framevvork and skins. 

tooling iinil produption work nv vewutk, 
tUoy do teitti townixl better ships ttitri 
iiiil totiMiig niitl )vo<hietioii. As f>ruot' oC 
this, the eiiciii} have "fvozeii'’ soine of 
tiu' tlcsigiis of -hidr sliips, with tile re- 
.siilt that lodiiy these sitips are oiitiiiiuhul 
and iii£(‘rior to the everi-hungiug niid 
improving, superior Aiiieric-iin iiirenitT. 

CTtanges are imule by the engineers 
at the request of stress, lofting, tooling, 
or production departiiieiits; the ,\imy 
or Jfnvy (enstoiner reipiest); or the en- 
giueeriiig design groups. ,\il in nil, 
these cliauges will teiul to sti'eiigthen the 
ships, improve the streamline tpitililies 
of tlie e-rterual siirfaees, eliminnte anil 
overeoiiie tooling dillleullies (lietler ile- 
sigiiiiig for i>rndiietion), t.ssist proilnn- 
tioii with simple iittiu-lniieiils niiii as- 
semblies, respniiil to tlie speidal (hsiin-s 
anti s|iecitieations of the Army or Xavy, 
and always entail slriting for superior 
flying chnraetpvisties. 

As these elianges are nnide, tlie tnni 
))laruiiitg deinivtiiiont receives forms 
(engineering orders or tracing eltange 
iioHecs) on eaeli and every one that is 
orfieiai. All tooling affected mtist be 
reworked to citnform to the new condi- 
tions, and at the tiiiio in the proilnction 

A mostor gage eel in piece lo btiilil aecn- 
ratcTy all locating points anil positions into 
a jig. Williom these niastcrs. inlrrcliange- 
abiiily cannot lie attained. 


prograin when llie eliangc is to ttike ef- 
fect. Should tlie ehangi’ take phiee on 
completed sitips, tin* eng'ineers make a 
dis|iosition ns to whetlier it i> iieee.s- 
siiry to repitiee tlie Jiart. rework it on 
assembly, or leave it as is. 

With s|ieed an ever essential part oC 
the prnduetion )n'ogriim, planning imist 
eoiisiiler tooling tlniL will aid and assist 


TUBE TURNS’ cylinder and piston 
forgings in tliat engine — nnd thousands 
more — siffer a double adv<mrage to 
' engine manufacturers. (1) The unusual 
speed-plus-precUion with which Tube 
Turns forges these crucial parts liplpi 
engines reach assembly lines jasier. 
(2) Tube Turns’ ultra-modern forging 
methods give their cylinder barrels and 
aluminum pistons improved metal 
structure, added hardness and more 
heat resiifance — for longer life and 
dependable performance in engines. 
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mmyfRf START RIGHT. . 


with ROMEC Pumps 
in their Trainers . . . 



Young Pilots have confidence in their training ships. 
And why shouldn’t they? Take a look at the Roniec 
pumps in their trainers. 


ROMEC PUMP COMPANY • ELYRIA, OHIO, U.S. A. 

Manufaefurers of Airerafi Pumps and AeeessorUt 




FIRST ly DEPEyDABILITY 






IVew Curtiss- Wright 
Propeller Conveyor-Assembly Line 
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MANUFACTUttINC SECTION 


The Shape of Things to Come... 


Perhaps you see only a giant exhaust 
collector ring for a twin-row engine. 
Actually you are pre-viewing a new 
and exactingly designed Ryan Ex- 
haust Manifold System that insures 
the high standard of performance 
demanded of a certain American 
military combat plane. 

In addition to their prime job of 
discharging exhaust gases and heat, 
Ryan manifolds are being devel- 


oped to dampen exhaust flame, 
ower turbo-superchargers, transfer 
eat for carburetion, cabin heat and 
wing de-icing. 

As the only major aircraft manufac- 
turer with an important division de- 
voted to volume production of ex- 
haust manifold systems, Ryan molds 
the shape of many things to come in 
the vital field of heat transfer engi- 
neering. 



Exhatut Systems Manufacturing Division 

RYAN AERONAUTICAL COMPANY 

San Diego. C-ilifomia 
Eastern Office, 420 Lexington Ave,, N. Y. 


POIlVT§ OI¥ PLASTICS 
In Aircraft Engineering* 

Part ff 


By JOHN SASSO, firoduef Engineerlrtg 

Plastics are "taking to the air" in strikingly increasing number. Com- 
parative properties of these materials are dealt with by the author 
in this second orficle of his timely series presenting pertinent data on 
engineering and production of plastic components for aircraft. 


.WING XOW COJJSIDERRB the fiinila- 
mental factors (Part I, Apr. Avis- 
TiONl whicli should be investigated prior 
to designing an aircraft component 
wholly or in part of plastic material, 
»<■ now continue with an examination 
of the comparative properties. 

First off, let us say that conunents on 
proprrfics and charaeteristies of the va- 
rious plastics nre offered only ns a means 
for quick, eompiirative study. This word 
of caiilion is necessary because atmos- 
pheric conditions, operating conditions, 
fiimuilalir>n, molding, and curing will, 
to a greater or Ic-scr extent, influence 
•hi- behavior of plastics in service- 

The eogini'cr should make it a funda- 
mental rule, after Hrst studying the spe- 
cilic piaslie nmtcri.ll he is considering 
for possible inchi'ion ill his design, to 
get full iiil'ormalioii on that m.iterinl 
from tbu mamit'iirtnrcr, with parlicufar 
ref'crcnci- to wlint te-st conditions were 
uscil to ilcli-rmiiic iiliysical, eheliiical- 
Ihi-nual, iiml clei-lricnl imliies. In tlii- 
eoimcction, the .kSTM 1ms jiiibli-hed 
piastics -.pcciHeiuioiis and (e-ting -IiithI* 
arris .iceepletl tbiiiugliout the indii-try. 

Consul tal ion with an experienced 
moldcr before litml design |>rint- rirc 
marie will repay the engineer in niony 
ways. Till- rnolder knows bow variotis 
materials will behave under ftibni-e.lion, 
and wlipllier it K ci-ouiiiuically feii-ibic 
to u-e the desired I'nbiii-ntion proee— . 
hhirthcr, he may be in ti position to 
stiggi-st -“light elmngps in design Ihnt will 
-Speed produetion and m.iy ii-dnee eosf, 

Wel^ht 

(hr ti weight basis, pln.'tics oli'et tire 
ile-ignei- i-onsiderablr- advantage over 
metal, but they ean uover Ire selected on 
ii weiglit basis alone- .\(ivanlage can in- 
taken of the high strerrgth-weight mtiris 
of pinstirs in the design of i-omponent 
piii-ls far aitvraft and trniisporlrrtion 



equipment. In aircraft, plastics are suc- 
cessfully used in non-structuml applica- 
tions sttch as flooring, conduits, and 
pulleys. Acrylic sheets, for cockpit 
and “blister” enclosures, arc standard 
not only because they have less th.in half 
the weight of glass but also hecnusc they 
can bo easily formed to complex shapes 
Where moving parts reverse direction, 
inertia forces are set up and plastic 
parts often help -solve tire problem of 
ritteiidant vibrntum (.see T.ihle III in 
Part I of this series, page 343, Apr. 
AvuTtov). 

Tills U one of the pruperties of a 
plastic iii-ilerial that i- sub.ieet to eon- 



Lamiaeted plestle Iras replaced aliimtniiai 
in making of lids aimafl seat. Material 
is enlloii fahrie laiiuiiated with plieaidic 


sideviiblo varijiion, depending iin nuimi- 
fncLmi', molding leehiiiipie, degree of 
inilymevi/jLlion, rimouiil iiml kind of flll- 
er.s irnd fdaslie.ixcrs firpsent, leinjn-rufm'i*. 
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* * * JO increase their 

FIGHTING POWER * * * * 



White-Rodgers automatic temperature modulation equipment 
relieves pilots for greater concentration on fighting power by pro- 
viding completely automatic control of: 

1. Engine cowl flaps (both air and liquid cooled). 

2. Oil cooler shutters or flaps. 

3. Cabin temperature (both super-charged and normal). 

4. Carburetor air temperature. 

Upon request, engineering data will be furnished to manufacturers re- 
quiring controls for the above or other temperature control applications. 


WHITE-RODGERS ELECTRIC CO. 

SAINT LOUIS MISSOURI 
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Our quality sand and permanent mold aluminum cast- 
ings are helping many producers of finished and semi- 
finished war materials to keep the ''Situation Well In 
Hand" on the production front. Over thirty years of 
experience, thorough research, careful supervision and 
unmatched craftsmanship have made us one of the 
largest producers of sand and permanent mold alumi- 
num castings. TENX/AL Aluminum Castings are meet- 
ing today’s demands— assuring tomorrow’s needs. 


ALUMINUM CASTINGS 


ows one of our battery of squeezer 
is using hand tampers. With speed all 
days, squeezer machines are playing a 
mass production of castings. 


BUY U. S. WAR^£)^DS>^AMPS 




"You might say that this kind of zero is practically 
always on a Hghter's taill An immelmann or a barrel- 
roll won’t shake it... ask the boys in Alaska, where 
engines have to be “pre-cooked" to the right tem- 
perature before they’ll turn a prop. 

Once started, the engines keep themselves warm 
...but, control systems take a beating. This is why 
so much depends on the right kind of Ball Bearings! 
Tolerances and lubricants, for example, must allow 
for the abnormal reactions of materials at these 


unusual temperatures and still provide the sensitiv- 
ity and rigidity that spells success in combat flying. 

For more than a decade, aircraft engineers, build- 
ers and designers have unequivocally specified 
Fafnir Aircraft Ball Bearings as the right bearing 
for all-important control efficiency and dependabil- 
ity. Fafnir engineers have advanced “new” bearings 
to match every stride of America’s forward-marching 
aviation industry. The Fafnir Bearing Company, 
Aircraft Division, New Britain. Connecticut. 




FOR FASTER, STRONGER, RESISTANCE WELDING 



^^stinghou^^^ 


Electronic control is a natural partner for resistance 
welding. It gives micro-accuracy in the variables that go 
into making strong, precision welds — weld time and heat. 
It controls high currents noiselessly, efficiently. 

Westinghouse supplies all the necessary equipment for 
electronic control of resistance welding. Two typical units 
are illustrated above, mounted on a spot welder. 

WELO-O-TROL “makes and breaks’* heavy welding 
currents as high as 10,000 amperes with no arc. no 
noise. Complete absence of moving parts eliminates 
the noise and maintenance of mechanical contactors. 

A AUTOMATIC WELD TIMER controls duration 
of weld and sequence of electrode operations. 
Precision control to within one cycle or 1/60 of a 
second produces welds of uniform characteristics — 
even in mass production. 

Specify Westinghouse controls to improve both produc- 
tion rates and consistency of weld quality. Ask your West- 
inghouse representative for recommendations and descrip- 
tive literature, Westinghouse Electric & Manufacturing 
Company, East Pittsbiwgh, Pa., Dept. 7 -N. 


RESISTANCE WELDING 


CONTROLS 
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Theory and Technique 
Of Perspective Projection* 

Part IV 


By GEORGE F. BUSH. of G™pWc., PnWor. 

Perspective engineering Illustrations are increasingly favored on 
aircraft production lines — creating a wide demand for personnel 
trained to make these drawings. Concluding the author's series on 
graphical pro[eetion, this article deals with inferiors, expedients, 
and pseudoperspectives. 


B ecause TJIet reveal essential shape 
and basic component parts at a 
glance, pictorial drawings and sketches 
employing isometric, oblique, and per- 
spective projections have, generally, 
been found significantly superior to con- 
ventional orthograpliically projected en- 
gineering drawings where shape descrip- 
tion is sought, 

Little or no training is required to 
read these pictorial presentations, hence 
the aircraft industry, broadly expanded 
with new workers, is finding perspective 
projection of growing importance. There 
is a consequent demand for personnel 
trained to execute these drawings. 

Here, in our concluding article of this 
series we will consider interiors, expedi- 

—•A hook. Snffiseonoii .Slcioftintf, Is b..lo 
prrpartd by ITof. Bush for varly piiWIrnlloi 


ents, and pseudoperspeotivea. Once 
more the reader is advised to cheek the 
prior installments (Jan., Mar., and A]>r. 
AviatiOw) for explanations of the steps 
discussed heretofore. And Methods 1 
und 2, which are again dealt with in 
the following, will be found detailed 
on page 12.fi of Part I in the January 
issue. 

Initially, let us refer back to Fig. 19 
(page 174, Apr. Aviation). Note that 
this perspective is somewhat distorted 
in that the wider GF portion of the wing 
appears to bo smaller in tho perspective 
tlian the narrower portion BE. This is 
due to the position of the wing portion 
relative to PP and also to ilie fact that 
the BP is too fur to the left in the top 
view. Recall that the CV should alway.s 
lie soiiicwhere in tho center of the final 


perspective, if excessive distortion is to 
he avoided. The distance of 8P from 
PP should, roughly, be at least twice the 
longest dimension of the object. 

Some authorities prefer to say that 
the object should be included in an angle 
of about 45 deg. subtended at 8P. In 
any ca.sa, the basic idea regarding the 
position of the 8P is that the projected 
perspective — when viewed by an eye at 
the sealed position of 8P in front of the 
drawing (Ae PP ) — should be that which 
the same eye would actually see without 
turning the head and by looking almost, 
if not directly, at the object, 

When this principle is violated, as 
when the SP is placed too close to PP 
in the actual projection, the resulting 
distortion is like that shown by the light- 
line figure in Fig. 11 (page 151, Mar 
Aviation) where (5P)' is too close t 
PP. 

Tliis now brings us to one last sug- 
gestion regarding the position of 8P- 
conoeming interiors in perspective. Sine- 
an interior is .seen from the interior, 
always keep the 8P within the confines 
of the interior. This is demonstrated in 
the accompanying Fig. 20, the coiiimoii 
perspective of the interior of a bomber 
fuselage, showing various bomb-bay 
levels, anil in which tlie 8P is .seen to be 
located in the interior, exactly on the 
longitudinal vertical plane of tho bomber 
fu.selagc. 

After satisfactorily locating the SP in 
the interior, and from the PP which cuts 
the object. Method 1 will, in general, 
be found liest for locating enough per- 
spective points to complete a satisfae- 
toi-y interior perspective. If the perspec- 
tive is of the simple one-point variety, 
Ihc I P on HL of all horizontal lines can 
easily be determined, and a combination 
of Methods 1 and 2 will be found best, 
if it is assumed that the longitudinal 
.slilTcncrs arc substaiiitally horizontal 
and that the fuselage cross-section is 
eonstimt for tho abort length of fuselage 
imiier consideration. 

The perspective of eaeli of the tlircc 

lines shown— 240, 300, and 360— is 
obtained by direct projection of Method 
1, Frame .360 in the top and end views 
could not l>c included on the available 
working space. The circle of vision, 
which is the intercepted area of tho cone 
of sight by PP, is drawn in order that 
only the undistovted portion of the per- 
spective may be used. 
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Vhe bigger the cargo planes 

THE BIGGER THE HANDLING PROBLEMS 

• No . . . this equipment is not in production . . . nor does Whiting indicate that 
this type of loading (or top — or side — or any other type of loading) is the ulti- 
mate answer to new cargo plane requirements. 

• With a background of over a half century of material handling experience, 
Whiting is prepared to render a Collateral Engineering Service that embraces 
the design and manufacture of auxiliary equipment in step with new operating 
requirements . . . and in collaboration with both manufacturer and operator. 
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Main Office and Plant: 15623 Lathiop Ave., Harv 

Montreal. BrsnebOSteef in New York, Chicaso, Buffalo. Birmlntham, PitIabur|S. Detroit. Ci 
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ENGINEERING 

STEELS 

When chromium, silicon, mongonese, molybdenum, 
tungsten, nickel, or vanadium ore added to a plain 
carbon steel, the steel acquires new properties. 
Depending on the ofloys odded, and the amount, the 
steel is made stronger, tougher, border, more heot- 
resistont and more corrosion resistant. Such steels ore 
colled olfoy steels. When these steels contoin less than 
5 per cent olloy and ore used for mechanical ports, 
they ore usually known as engineering steels. Shown 
here ore some typical uses of engineering steels. 

Minimum effective amounts of these alloys, largely 
obtoined from scrap, ore used in the wartime alter- 
nate Notional Emergency steels, which ore in mony 
cases satisfactory substitutes for the standard alloy 

However, because of service conditions in many op- 
plicotions, the sfondard steels of higher alloy content 
must be used. In boll bearings, for example, where 
obrcsive weor is a problem, the usuol steel is SAE 
52100, which contains 1.2— 1.5% chromium ond 0.30 
— 0.50% manganese. 

For more thon 35 years we hove produced the 
ferro-alloys used in making olloy steels. If you have 
a problem in the selection, fobricotion, or use of an 
alloy steel, call on us. 

BUY UNITED STATES WAR BONDS AND STAMPS 




Electro Metallurgical CoMfANv 

Unit ol Union Corbide ond Carbon Corporolion 

Electrpmet 

30 Eosi 42nd SiresI (TH? New York, N. Y. 

Ferro-Alloys & Metals 
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MANUFACTURING SECTION 



-V hripf outline of the pr'rcoilur** upi" 1 
obtiiining this interior perspeetivi' 
jiovv I'ollou-s, with retereiic.'o tu Fig. 3'): 

1. On trueinp paper placvd over the 
engineering drawing, where end an-1 
top view.s will be use<i. draw tile top 
and end view.s of PP, frP, and 
locating SP to seale. For example, 
in Fig, 20, GP passes through the 
lowest point on tlie insiile edge of 
the frames, and SP «a< located at 
a |)oint 3 It. 3 in, above (JP to the 
scale 1 in. equals 2.43 ft. iThe 
interior height of the frame is tliere- 
fore S.4 ft.) PP was also plaeisl 
10.02 ft. in front of Ihe PP so that 
the cone of vision contained tile 
fnsclAge to be shown in persjieetive. 

2. Determine, by Method 1, the pei- 
>l>eetivc of a point in a ImrisoiUHl 
slglTenei* and in a fi'ame. For ex- 
ample, an end view of a -sight line 
t(t Pniiit 4 in Frame 240 pierces the 
end view of PP at 4*. (The auxili- 
OTv new at the left side of the 
drawing shows the location of Point 
4 ill the frame.) The tup view of 
the same .sight line pieis'e.s the top 
view of PP at 4''. llorixontai and 
vertical projection lines, respectively 
from these piereing points, will give 
4''. The i>ers))eetive of this fr.Hnie, 
thus obtained, will he a /id/ view 
of the frame, since the frame lies 
in PP. Pers[>ectives of the frames 
behind PP can tie cihinincd hy the 
same mellKid. Since 4 is also in a 
horir.ontal stilfeiier, a line from 4*’ 


to rp will represeiii the perspective 
of this horizontal .stiffener. 

3. Draw tiie circle of vision and com- 
plete the jicrspeetivc. 

In making per-speetives, the use of cer- 
tain simple constructions and approxi- 
mations will be found time-saving. Per- 
haps the most imjiortaut uf these expodi- 


ent.s is the construction of a perspei'tive 
scale on a paperstraight-edge l'oi'shc>ri- 
xontal and vertical lines which is-pent- 
edly are divided into the same nuui'ier of 
(iropoi'tionate iiarts. 

For e.vample, again referring to F'lg. 
II (page 151, Mar. -Vviation) il may be 
necessary to divide the horizontal lines 
{Turn to pa^i' 375 1 
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MANUFACTURING SECTION 


THIS MECHANIZED HANDLING 

SAVES WASTE IN MANPOWER AND 

TIME • • • 








SHOtKltSS HVOUHHIC PUTfOBM 
UFT ilTH 

9 Full power can be attained in steering at any angle 
through a 210-degree range, making it easy to break 
out loads from storage with little maneuvering. Suili- 
cient power is avoilable so that no extra manual push 
or pull is necessary to help the truck over toe plate 
humps or elevator ridges. 


★ The TRANSPORTER performs a 
vital service in keeping materials 
moving on those short hauls from 
one process to another. This mech- 
anized handling of small loads will 
simplify your entire materials haul- 
age system whether in cramped 
quarters or narrow aisles ... it 
speeds things up and entirely elimi- 
nates straining, tugging, pulling, or 
extra pushing on part of trucker. 

SEND COUPON TODAY 


AUTOMATIC TRi 


COMPANY 


I MAKUFACTURCRS FOR 01 


l^rodaciioii Speeded 
On Welded Seam Inlet Elbows 
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A lack of 
experience 
need n^ [educe 
inspection 
precision 


It does require bolh sicill and experience to handle 
close toleronce work on the time-honored fixed size 
goges— ond skilled inspectors are scorce. But that 
need not inlerTere with precision in your plant. 


Substitute for the gages that require skill, the gaging 
instruments which give you greoter precision and at 
the same lime eliminate file human factor. Sheffield 
precision gaging instruments in the hands of inexpe- 
rienced inspectors ore guarding product quality in 
jndreds of plants today. 

Write for descriptive folder No. 43-1. 


■ SHEFFIELD 

DAYTON, OHIO, U. 
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• Tlie accuracy and high produc- 
tive capacity of Thompson Grind- 
ers in hundreds of airplane and 
allied manufacturing plants is helping 
them to maintain rigid production 
schedules. 


THOMPSON 

GRINDERS 

ere built in a full range of 
sizes from b" x I0"x 18" to 
36" X 36" X 220” 


The ease of operation — all controls conveniently located 
within easy reach of the operator — the full hydraulic con- 
trol of all head and table movements provide a smooth 
shockless operation and high speed production. 

The Thompson Grinder shown is grinding vital airplane 
parts to close tolerances In the plant of a well known plane 
manufacturer. 

Meeting specific precision requirements quickly — satisfac- 
torily is Thompson’s way of helping to keep more planes 
flying — longer. 
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Wlierever our war planes Ry — on all fipliliug fronls 
of ihe world — Vickers Hydraulic ICi]uipment is helping 
take an increasing toll of the enemy. 

Vickers Hydraulic Equipment contributes to the 
superiority of American planes. This high pressure 
oil hydraulic erjuipment is sturdy and depeiuialitc . . . 
insensitive to shock and vibration yet light in weight 
. . . accurate and easy to adjust. 

Admirably suited to air needs and to the needs 
of manufacturers in the aircraft industry, Vickers 


HYDRAULIC 

EQUIPMEIVT 

Hydraulic Equipment is used on the majority of com- 
bat planes . . . and on many of the machines that 
build planes. 

Vickers 

Incorporated 


1462 OAIiM.4IV IILVU., DETROIT, MICHIRAN 

r M r i ■iiriii^ a rr rr rnirirtTr r n - 1 ft r ofi nronAiufc EQuipnEnr srfvcELi3)t] 
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You con show yourself why 
Aeroqulp DETACHABLE RE- 
USEABLE fillings make Aeroqulp 
hose lines the STANDARD in the 
hquid-carrying field. War-tested on com- 
bat aircraft — Ihey make instant hose line 
changes possible. Simply 
Aercquip hose to length, 
tings from the old line, put 
new end you're back in operation. 


Reduces replacements ire: 
thousands of combinations i 
old- style sizes and lengths 
fixed lines to doze) 
and hose sizes. Impt 
saving characteristics. High end 


y cut a new secuched from -1-300 


A SPECIFY 

^^^EROQlJlF 

I I C C I I K| C Q DETACHABLE, 

II O t L. I IN t O RE-USABLE FtTTIN&S 

seSSs couplings 


AEROQUIP CORPORATION 

JACKSON, MICHIGAN, U. S. A. 
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Plexiglas AND Grystalite 

ARE ONLY TWO OF MANY PRODUCTS OF 
ROHM & HAAS RESEARCH THAT WORK 
FOR INDUSTRY IN PEACE AND WAR 













to do it. They liad already developed similar products — 
and applied them to peacetime purposes successjuUy. 

They have the imagination, the ingenuity, and com- 
plete facilities. They have put them all to work — lo 
produce for victory. 

Peace, when it comes, 
will bring more progresa 
in production — for sertfee 
U condnuous with Wau- 
kesha. Then the products 
of that service will he 
ready for your postwar 
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DATA BOOK 


SHEET NUMBER D-9 

CLASSIFICATION Design— Materiols 

SUB CLASSIFICATION P/yweed Bending 


Cold Bonding Tests 

Varying Conditions and Materials 
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CLASSIFICATION Petign — Materials 

SUB CLASSIFICATION Plywood Bonding 


Cold Bonding Tests 
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Adding « 

truck does not make 

0 Snow Fighter 





Ilf A I TPI^ POSITiUE DRIVE 

WALItK Snow Fighters 
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YOU CAN BUY these films at print cost; that is, $52.00 per part, or — 

YOU CAN BORROW prints for a single showing, without cost except for transportation. 


Simply contact yijur G-E arc-welding dis- 
tributor or mail the coupon to the nearest 
address listed. 

187 Spring St., N-W., Atlanta, Ga. 

140 Federal St.. Boston, Mass. 

840 S. Canal St., Chicago, 111. 

570 Lexington Ave., New York City. N. Y. 

4966 Woodland Ave , Cleveland, Ohio 


1901 N. Lamar St., Dalles, Texas 
650 Seventh St., Denver, Colo- 
212 N- Vignes St., Los Angeles, Calif. 

1405 Locust St.. Philadelphia, Pa. 

920 S.W. Sixth Ave., Portland. Ore. 

200 S. Main St., Salt Lake City, Utah 
235 Montgomery St., San Francisco. Calif. 
1 River Road, Schenectady, N. Y. 


GENERAL B ELECTRIC 


Another new super-colossal G-E training film 


THIS COUPON IS YOUR KEY TO FASTER TRAINING 


I I Enclosed Is our order for "The Inside of Atomic-hydrogen Arc Welding," Port I ond Port 2. 
O Please reserve Ports 1 and 2 for our use on dote Indicated: 




RIGHT AROUND THE CORNER 

~/4ere’s a /o^ /or 


Your engineering depart- 
ment may save much valu- 
able time by consulting us 
on any problems involving 
the use of Flexible Shafting. 


WAUCER-TURNER 

FLEXIBLE SHAFTINC 


your problem is one of transmission of power 
or control “around the corner," you will gener- 
ally find the answer In Walker-Turner Flexible 
Shafting. 

For many years this Compony has been one of the 
largest manufacturers of flexible shaft machines for 
industry. Constantly improving the design of our 
machines, we have brought the component parts to 
a high state of development — Including the shaft- 
ing. Our wide experience in this field has caused us 
to be consulted by other monufacturers of mechan- 
ical products. As a result, we have assisted in 
designing this form of power transmission and con- 
trol in many applications outside the machine tool 
field, Much of this work is in connection with air- 
craft and other war machines. 

WALKER-TURNER COMPANY, INC. 

BERCKMAN STREET • PLAINFIELD, N. J. 


FLEXIBLE SHAFTING 

FOR REMOTE CONTROL AND POWER TRANSMISSION 
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e It's fill set. When the war’s over, the 
aircraft iiidustr}- is goinff to re-tool 
Cur helicopter and suiall-plaue pmiluc- 
tiuii in idiout 00 days. A profes.,01' say« 

so. ond lie urges that over-night park- 
ing faeilities he built lu take care of 
•ill ihese craft. 

Xo«- if lie'll only figure out Just how 
to re-tool that quickly, uud sel up 
sales organizations, and get souie cash 
oil which to operate . . . 

• Theme song for aircraft per»omiel 
diivctov-. : "Tell me pretty niaiileii. arc 
tlierc any more at home like you — or 
cnywhere t” 

• One of the larger oil eouipanies takes 
siiuie pains to point out that tin- rargo 
plane isn’t likely to rephsce the ocean- 
going tanker. One of the clincher argu- 
moiils was that “if a 70-toii aerial 
freighter aimilar to the J/ar.s, largest 
Iranspoi't now id existence, were to Inail 
enough fuel for a round-trip flight tn 
Egypt, it would have to fly willi emply 
cargo space-" It doesn't say how mueli 
fuel a t.anker wouhi burn between 
Galve-ton and San Franci-co, going 
via Cape Horn — which would be Just 

bout ns smart ns loading a plane for 
I r.'Uiid-trip Jump to Egypt, 

• Rerentiy a faimms movie .slid radio 
star (shall we say the one who -scared 
the daylights out of the Ea-t with ii 
Mars invasion broadcast?) went to a 
plane factoiy to participate in a family- 
day program. He was hidden away in 
nil executixe offlre to axvnit hi- cue. .\- 
will happen in executive's olflees, the 
plione rang- Heing longely he piekcrl 
it u|i — but started a lii-aile in a swell 
Ocruian accent, finally hanging up to 
leave the caller completely baffled. Soim 
— 05 will happen—the phone rang 
lignin. And this lime he rut loose in 
just as .swell a dialect, but this time 
Italian. Again he hung up tn le.sve a 
caller dazed. 

It wa.s a persistent plione, thougli. 
and again it rang. He picked it up and 
in a high voice shouted, "So -orry 
prease, n<i time to talk now. Japane-e 
spx- very busy making -ketclie- of 
'Merican bomhers, goodbye prea-e." 

• It's II iTiie case when aireratT engi- 
neer.- teil a pilot “our piaiie won't do 
that." But one of llio-e iii.iii-biti-— dog 
thing.- happened when Moj. Alvin 
Mueller, formerly of the t'.iined Will 
Boiiilnirdmcnt Groujj, rvlurned from the 
South I'acifie and (|uietly reported to 
r.iu-olidated engineer- Ihiil he'd llowii 
5P men. mostly plaiie-le— lighter pilot-, 
from Mindanao to Aii-tniUo in niie ot 
their B-24 Lilienttors. The engineer- 

slide rules to prove he coulrtii'l do it, 
that they simply hinhi't de-igiied the 


ship for any sueh Job. But, since the 
Major had loaded them in from nose 
through boiiih I’aeks almost to the tail — 
and counted ’em out again at the cud 
of the trip — lie knexv it had been done. 
sUid lie knew they were in the plane 
oil the way, bcrau-c nio-l nt them were 
breathing down hi- neck- Not that he 
blamed Iheiii. there Ju-t wasn’t niiyplaec 
else to look, heeau-e he flew that 
Lihtmlnr on in-trumeiil- almost every 
one of the 1,700 odd mile-. 

• Mo't exeryone realize- what a mag- 
uiltccut j'oli our airline- hux’e done, fly- 
ing more people and thing- more and 
more mile- xxith les- ciptipinent. There’s 
no question that they de.serve all the 
credit and more. But Ihere'.- another 
boni|uet to be pa— ed on, one we re- 
diseoxered on mir last regular cemst-to- 
coast trip. Il’- this; the airlines hax-en't 
lowered their eourle-y standard- one 
iota. With people literally crying to get 


SIDE SLIPS 


space, the lad- — and now the lassie-^ — 
slill make you feel you're doing them 
Il favor to give ’em -ouie bu-sine-s. Even 
when they have to hump you for priori- 
ties, it’s almost impossible to holil a 
grudge. It’s a !e— on at least one other 
tran-poi't medium could well (earn: one 
xxe .sincerely hope .and believe the air- 
lines xxoii’t forget. 



AVI.ATIOX, May, 




The;^>^of a TAILLIGHT 
helps bring in 


. . . reliably timed with the 

W&T FLASHER MECHANISM 


WALLACE & TIERNAN PRODUCT 


TS, 


INC. 


When the ships of Pan American Airways' great Clipper 
fleet come in, they show the same familiar taillight flash 
that now marks all America's commercial planes. And the 
mechanism which times this flashing red-white signal on 
the Clippers is the reliable W&T unit, just as it is on a 
large majority of all our airlines. 

The span of a single night’s flight sees the mechanism 
put through its paces. It meets wide changes in ambient 
temperatures, altitude and atmospheric conditions with 
complete dependability. Radio reception is not impaired. 
Ail parts are treated for resistance to corrosion and 
mounted to withstand vibration. Reliability of operation 
means FLIGHT SAFETY. 


BELLEVILLE, NEW JERSEY 


•lOX. Miiv, 1I14-’. 


AVr.\TI(lX. M;,?-. 



yo(/^ f£/ii/fC£ 

Open Facilities for Production of Aircraft 
Parts in Aluminum and Steel 

• Lyon is at work on a wide range of 
contracts for aircraft parts and sub-assemblies in 
steel and aluminum. 

Our modern, completely equipped Aircraft Di- 
vision is supervised by men specially trained in 
aircraft plants. Class "A" certified welders trained 
in our own school are available for all aircraft 
work. Completely equipped toolrooms, staffed with 
experienced tool and die makers, are capable of 
producing dies, fixtures and jigs to meet contract 
requirements. Lyon has had 43 years' experience 
in sheet metal fabricating operations. Our war con- 
tract experience dates from July, 1940, and we are 
entirely familiar with Army, Navy and other Gov- 
ernment inspection requirements. 

Phone, wire or write on your business letter- 
head for detailed information and book, "Crafts- 
men in War Production," describing and illustrat- 
ing Lyon plants and equipment. 

LYON^METAL PRODUCTS, INCORPORATED 
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war production 
SUB-CONTRACTS HERE 


LIKE AN “ADDITION” TO YOUR PLANT 
READY MADE anJ OPEN FOR BUSINESS 


Centrally located, fully manned and organized from Draft- 
ing Room to Shipping Platform — Day-Brite Lighting has 
the capacity and equipment to immediately become a 
dependable "feeder plant" on metal parts you need to 
fill your war contracts. 

EQUIPPED FOR STRAIGHT-LINE PRODUCTION 

Sheet Metal up to lO Gauge — Lengths up to 12 Feet 


DAY-BRITE L I G H T I N G, iNC. 

54S1 BULWER AVE. ST. LOUIS, MO. 

WAR PRODUCTION 
, Sub-Contracts 



SPECIALISTS in preformin9 and 
shaping alreraff plywood from 
flat stoct. 


PLYWOOD ANGLES 
PLYWOOD CHANNELS 
PLYWOOD TUBING 

A CAPABLE ORGANIZATION 

with ample capacity to meet 
your requirements promptly. 

Send vs your Slaeprinis ond sped- 
ficaHons 

WIRE OR WRITE TODAY. 


HERMSDORF 

FIXTURE MFC. COMPANY 

MANCHESTER, N. H. 

Plywood and Wood Parts 


saw; a iJi-,'pcp(! cutoll sanv; a 

30-in. A.jax dynainit- I>a1unpinp iiuirliittc; 
two 30-ill, .-tatic tiniiincers: a 1-in. 
Biirm-s drill press; two -J-in. drill 
presses; a Kn. 3A-IID 2.C00 liigh speed 
rivelin" hammer; and four Xo, 161 
J. L. Thompson tulmlRi' rivelcrs; So. 
J Brown & Sharpe plain inilliu*; ma- 
c-Iiine; 14 iii.xlU ft, Barnes ensino lathe; 
Ilemiy lU-in. 3 hp. shaper; 0x13 in. 
Ilplta surface itrinder and 14-in. Delta 
drill press with tappintT eijuipmenl. Fn- 
eilities arc also ui'iiiiulile for heat tre. 1 t- 
infj iiluiiiimmi (12x3x41 ft. salt hath) 
and for anodixintr (14x3x3 ft.l, bath 
processes Iieinij _\N approved. 


Wood, Metal, Fabric S-147 

Lar^‘, well estahlisiied New Kn^laml 
aircraft operating eotnpuii.v now nwn- 
inp, operating, and servicing 125 air- 
planes of every type, has t'.ieilities for 
priiduetion at aiixraft parts mid siib- 
assemhlies of weliiial steel, wood, metal, 
and fabric. N'ow producing welded 
steel slruelures for the Army Air Forces 
on subcontract basis, company has total 
of 31,276 sq.ft, available, with more 
space in immediate vicinity it necessary. 
Good Inbor source is available, since the 
organirjitioii operiites a goiernnient- 
apiiroved Mechanics' School with 75 to 
ion students alwoiy.s in training. 



need EXTRA hands? 


one person with APeCO 
can do the work of many 

Making Copies of Anything Written, 

Printed, Drown or Photographed 

equipment, — releasing men, women and their equipment 

able hours now spent on copying and tracing by making 
photo-esact copies at small expense. Get copies right in 
your own place of business, without delays. APeCO makes 
copies up to 18''x22''. 1 to 100 copies or more. No chance 
for error! No need for proofreading! Legally acceptable. 
Used by leaders throughout industry. 

FOOLPROOF OPERATION! With our ^mple instruc- 
tions, eny ofRce boy or girl can produce perfect, photo- 
exact copies of letters, blueprints, priorities, specifications, 
drawings, etc., at any desk or table. No special skill or 
dark room is needed, 

PROMPT DELIVERY — on machines and supplies. Learn 
how othen in your field have benefited. Write for FREE 
folder now! Representatives in all principal cities and 
Canada. 

AMERICAN PHOTOCOPY EQUIPMENT COMPANY 




Intricate aircraft forgings are 
xeasingly vital to victory^ihey 
,‘e greatest structural strength and 


Airccafe Mechanics pioneered in 
the mass production of high tensile 
strength forgings for aircraft , . . 
and now produces these weight-sav- 
ing structural units for more than 50 


Thousands of forgings pour 
from our hammers unto the assembly 
lines prtiducing both Army and Navy 
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Instrninent Approach 
Radio Direction Finder 

Part t 


By C« H* MdNTOSHg Chi«t Nayigoter, Atneriearr Airlines 

Accurate methads of approach by loop direction finder, usinq non- 
directional radio beocons, ore now of prime importance in aircraft 
operotions abroad where fomiliar radio ran9es are absent. Here no- 
wind to moderate-wind conditions are covered. Higher wind condi* 
tions will be considered in Port II, to fellow in on early issue. 


I K SETEKT tejrs tlip inprpafinp avnil- 
ability of radio dimdion finclinc 
equipment on aircraft mimufaetiivcd in 
this country has pronioletl (luickcninp 
appreciation of the navigational po>si- 
bilities of ladiri I), F. Many of these 
possibilities have received sufficient at- 
tention by now to be reflected in pilot 
practices. I'arlicniarly is this trend no- 
ticeable in the increased nse of radio 
bearings for dcteniiination of position 
and the widespread tendency of pilots 
to rely on loop orientation methods in 
preference to the oliler systems of radio 
range orientation. 

Within the United States, however, 
the prevalent and accepted practice of 
using the radio range for instrument 
approaches has obscured the po-sihili- 
ties of the direction linder for this siime 
purpose. As a result, many pilots have 
seldom recognized these possibilities. 
Or if they have, they have not the ad- 
vantage of sufficient schooling in D/F 
approaelies to fully understand the em- 
ployment of direction finding equip- 
ment. During the past year, however, 
the demands of air transport have car- 
ried an over larger number of pilots 
beyond the continental limits of the 
I'nited States — into regions where the 
familinv radio ranges are either non- 
i-xi-liinl nr so scarce as to he seldom, 
encountered. Ju many of these regional 


however, non-directional radio lieacons 
.ue common eriuipmenl .iiid c-an lie 
•■ately used in conjunction with nim-aft 
D'F equipment to execute an instru- 
mental apprcach. 

While there exist niimeious mcihodK 
<if executing an insti-unient approach 
by means <if D/F equipment, it is felt 
by the writer that sulficient iiiis(!oiic‘ep- 
tions e.xist regarding the purpose and 
execution of these mclimds to warrant 
a fresh approach to the whole problem. 

As in all iusirument approaches by 
radio, certain specific information must 
be known to the pilot prior to starting 
a procedure. These are; 

1. Bearings of the jiirport runway, or 
runways. 

2. Location and hearing of radio sta- 
tion from the airport. 

3. Distance from radio station to air- 

4. Field elevation. 

5. Klevitlion of stinamiuliiig terrain 
and other obsli'Uelioji.s. 

With the above facts kiu.wn for any 
specific airport, it is, of course, in the 
interests of safety to draw up a spe- 
cific D/F iipproneh procedure for that 
airport rather than attempt to set up 
our type of approach procedure to fit 
all airports. Definite minimum altitudes 
must be set up for eucli iiirport. In 
the absence of a specific procedure 


tailored to fit an airport, it is possible 
tor a pilot to devi^e one, pvovideil lie 
tmderstand': the general principles in- 
volved in all iusti'ument approaches 
with the D/F. Two types of such pro- 
cedure will he explained : 

Geacrol P/F Approoch Methods 

We will, in these procedures, assutne 
an approach is being luado to an air- 
port with one runway .'i,000-ft. long 
laid out fiO-270-dcg. magnetic. A uon- 
direelioiial radio beacon is located 2 mi. 
from the west end of this runway. A 
safe minimum altitude for instrument 
df'CHil oier Ibis airport is assumed to 
be 500 ft. ahiivc sea level. Due to loca- 
tion of rite radio beacon in relation to 
runway, the lUrection of final approach 
is 90-rieg. magnetic. 

Two types of D/F procedures can he 
designed to effect a safe instrument 
approach to such an airport. In the 
first pixicfdure, these three basic prob- 
lenr- are involved : 

1. Location of station (if necessary by 
a loop orientation) and homing to it. 

2. Execution of u “boxing" procedure 
on station in order to determine existing 
wind conditions, 

3. Execution of instrument descent to 
desired minimum altitude in such iiinn- 
ner as to line up with runway in a 
position to land if ground contact is 
established. 

The second type of procedure elimi- 
nates the need of a boxing process al- 
though both Steps 1 and 3 specified 
above lire necessary. In both proced- 
ures, Step 1 is executed in the same 
m.mnor. We will cal! this the initial 
iipproneh. 

For iiiaxinium safety and reliability, 
all D/F procedures are bused upon ;iu- 
ral null and miinaal looji npei*ation, 
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Naturally they can be executed more 
easily with au automatic radio coiiipiiss. 

A. latttdt Approach 

1. It in doubt, estahlish loeatiott of 
nidio station by means of a loop oricn- 

2. Home on tbe station by a straight 
ii'nck after correcting for drift. 

3. As homing track brings nir))hiiie 
I'loser to station, pilot will be fnniished 
n rough appriiximaliiin of his relative 
distance from it by rapidity with which 
he must adjust volume eonlro! to main- 
tain a constant width null. Ever.v nt- 
Irmpt should he made to nininlaiii this 
at u constant 5-deg. width, checking it 
frequently by rotating loop from side 
to side in order to ascertain exact edges 
of null. 

4- As station is closely approached, 
pilot receives sutftcienl advance warn- 
ing through increasing vapidity with 
whieh null width decreases until at last 
It heeotnes impossible to maintain it. 
At this point, aircraft is entering what 
normally would be inverted “cone of 
silenee" above station. 

5. Within “cone," loop null disap- 
pears and in its place pilot recrivi-s a 
distinct surge of signal. In D/F ler- 
minology this approach over stalion is 
termed an “over.” 

With sufficient practice a pilot ran 
become reasonably skillful in determin- 
ing definite "overs" provided eare is 
exercised an the following points; 

a. Cheeking of null fretjuently as sta- 
tion is approaelied. When surge over 
station is obtained, there should be no 
ilouht that null has been replaced. 

b. Maintaining sufficient altitude on 
initial approach over station, nr slow 
airplane down so that surge will be of 
sufficient duration to allow its positive 
hlentitication. This should not be le.ss 
than 3.000 feet at 120 mph. 

c. Double checking "over” after sta- 
tion is passed by reappearanee of null. 

6. An alternative method nf obtain- 
ing an “over” for determining station 
passage is to pa.ss deliberately to one 
side of tile station. This is termed ob- 
taining an "abeam.” To aceompli.sh this 
properly, the .station should he "hniiieil 
on" as describeil previously. .Tu.st prioi- 
lo reaching the station, however (as 
judged by volume-mill width relation- 
ship! heading of the aim-aft should he 
changed .approximately five degrees 
downwind in order to pass station on 
one side. By rotating loop to follow tbe 
mill, it is eaa.v to determine when the 

B. Boxing the Station-No Wind Pattern 

1. After passing either over or oheam 
of the stalion, nmke a -tandarti rate 
turn to a heading which is 45-de". h-s 
ihan the intended final approach track. 

,<iVT.4TIO-N. May. Iota 






Fig, 2. Boxing procedure— compensating for wind. 




GRATOH & KNIGHT ENGINEERING 

the hand that buHdt certainty at the paint at aaal 

GRATON & KNIGHT COMPANY 

WORCESTCR, MASEACHUSETT* 


l.s strux AS the war is over acd 
- \ ei|iiipmenl ami uuiupowei' 

iMii-.imrt expansinii, we will sec >i 
•••eritiihlc lioriie of appliuiitioiis pre- 
'.•iitMl to the Civil Aeriiiiaulies Board 
for rertilieates of eoiivenience iiud ncccs- 
-ity eovorin^ feeder airline openitioiia. 
rile Hood had already started to descend 
t:i the CAIi before Pearl Harbor, since 
)v Dee. 15, liHl, some 42,000 mi, of 
r'eede;* services, involvino more than 
:,SUU stops in 34 .states, had been ap- 
ilied for. 


Xo liearin^ had been held on ap- 
plicatious for strictly feeder airline 
operations involviuft more than a pick- 
up service prii>r to our entry into the 
war and, with suspension ol' all new 
route hearings on whieh the record had 
not yet been made, all feeder airline 
applications w-cre automatically pul 
aside until after the close of the war. 
Shortage of cquiptnciiC and manpower 
and some uncertainty on the part of the 
CAR UK to disposition of the pending 
applications brought the postponement. 
It WHS ilouhtless wise. 


Industry and CAB face faur major decisions in development of n 
and vital port of nation's postwar transport system. 


\ WHAT DO YOU 

Your packings requirements usually | 

present Graton 6e Knight with a devd- \ 

opmen t problem . . . for few orders can 1 

be filled from the shelf. Operating pres- 1 

1 NEED IN A jn 

sures, temperatures, mediums, speeds 1 
are a few of the factors influencing a 1 

recommendation — the soundness of 1 

1 LEATHER MP 

which depends not only on selection of 1 
---■ the proper material and versatility of 1 
y our manufacturing, but also on the ex- 1 

1 

perlence and development facilities of 1 

our engjneerinf staff. Our experience is 1 

proved by our engineers' high standing 1 

among manufacturers using packings ... 1 

the facilities are sampled below — 1 


SPARTAN 


Feeder Airlines 
Pose Problems 



Will piek-up lyslcm, such as that success- 
fully operated by .\U American Aviation, be 
classed separately from feeder operations? 
Or will it be considered as part of '‘standard" 

problems which will face industry and CAB 
early in postwar development. 


However, before the time eometi when 
all the feeder airline applications will 
be heard, probably in order of their 
filing if the board sticks to its cus- 
tomary procedure, it is well to look at 
some of the problems with which the 
CAB and the industry will be faced. 
These problems are; 

1. To define a feeder airline. 

2. To decide on what type of opera- 
tions, pick-up or standard, should be 
encouraged and under what circum 
stances. 

3. To decide who should he permitted 
to engage in feeder ariline operation, 

4. To set n standard procedure for 
feeder airline hearings so as to avoid 
duplicntioii of proof of convenience and 
necessity whenever possible. 

Perhaps Ihe first problem is that very 
few agree on just what a feeder airline 
is. The CAB lia.s not yet drawn a clear 
(lislinctioii hciwi-eu the character of the 
type of operations which might he 
tenmsi "feeder" and the type compris- 
ing Hunk-line operations. Kveryone in 
the imiustcy seems lu have his own idea 
r>f what a feeder is or should Im, and 
the t'AH can hardly be blamed for 
not taking a positiou ou the matter 
until the first feeder airline uppHcutioa 
1 - heard, t'ertaiuly at that time some 
sort of a definition will have to be a 
pai't of tile evideuee presented. 

Hciierally, a feeder airline has beea 
thought of as the type of air .service 
which will conneel small centers of 
population with Ihe primary or trunk 
lines of the country. This type of ser- 
vice has been rel'erred to iu past years 
by such terms as “auxiliary air route,” 
"feeder Hue," “belt line,” “branch line,” 
or “supplementary air route,” Little 
wonder there is much confusiou today 
as to tbv type of service contemplated 
when one speaks of a feeder airline. 

As long ago as 1B38, B, K, Cole, 
then president of the Airlines Charter 
Service, defined a “feeder air route" 
as “any air route on whieh the average 
distance between terminals is 75 mi. 
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Assurance of long life is what you seek In a capo* 
citor— ond it’s on osset that must be built into if 
by the moker. 

Tobe Capacitors are built to last. From winding 
to shipping, eoch step is under rigid inspection to 
mointain the high standard set by twenty year's 
experience — and research Is constant to raise the 
standard ever higher. 

Below is shown a Tobe RLO Type Copacitor. If 
Is impregnated and filled with mineral oil, made 
with watchful care and — like all Tobe Capacitors 
— rated conservatively, let us know about your 
capacitor problems. 


RLO-6210 

2X0.1 MfD.-600 V.D.C. 

TOBE DEUTSCHMANN COBP. 
CANTON. MASS. 


CHARACTimSTICS — TOBE RLO TYPE CAPACITORS 
MINERAL OIL IMPRE6NATED— Miaeral oil filled • RATINES: .01 
lo2.0mfd.,600V.D.C.,.01 to 1.0 mfd., l.OOOV.D.C 
POWER FACTOR; At 1,000 cycles — .002 to .00$ • RESIS- 
TANCE: 8,000 megohms per microfarad * TEST VOLTAGE: 
Twice D.C. working voltage rating * TERMINALS TO CASE 
TEST; 2,S00 Volts D.C. • STANDARO CAPACITV TOLERANCE: 
plus or minus 20 % of aominal 


A SMALL PART IN VICTORY TODAY 


A RIS PART IN INDUSTRY TOMORROVf 


or leiss, exeepling routc-s in oppi-.ilioii 
.iiiri rnviyiiig air miiil on Jan. 1, I'.l.Tfl." 
At iie.-.f this (ietinitioii Aet.*. liie dali* no 
M-lnoli feeder i-oute- might iit-giii to 
exist. Sliort-hnul loulos of the trunk 
lities, \\-liicii niiglit hr classilted a> tVetler 
routes, would in* excluded t'r<nn that 
enlpgoiy liy such a lU-Hnilion while "aiiy 
,'tiule on w'hieli the -avi-rnge distnneo be- 
tween tcniiinols is 7n mi. nr les.«" that 
might come into existeiiee afler Jaii. 1, 
III39 would uutoni.itifiilly iieeoine .a 
teeder route. Aitoiil all such :i defini* 
lion would do, if oRieinlly .adopted, 
would be to guarantee Ihe status of the 
present trunk-line operalion-. 

.Llso, what is mejiiit by the u.sp of 
the lerin “route” in such a definition? 
Does it mean the entire operating area 
of the feeder airline, or doe- it refer 
lo a single operating dinsiou (»f the 
feeder nirliue as .a whole? Certiiinly 
sueli a definition would liml few adlier- 
enls in llio industiy today. 

Airline Feeder System, Ine., which 
operated in 1037 ami 1038 but failial 
to olitoiu a eertilientc of convenience 
and necessity under the “giamlfiitlier 
claiLse” of the Civil Aenuiniities Aet of 
1038, held that a “fi-eder system wa-. 
one which will operate within an ap- 
proximate radius of 300 mi. of any 
given airline terminal lo give llie eilie- 


witliiii that rnrIiU' in.ai], pii'senger, and 
priijic-rt\' seiviee." Just as in Mr. 
Cole’s definition, on ultempt is here 
made to limit the pliysirjil anai over 
wliieii ii feeder oirline may opeimte. 
Few will agree, however, that llie geo- 
graphical area to tie covi-retl is tiie only 
elniraeteristie iiy wiiieli feeder o|)era- 
tiou-s may 1>e distinguisiie<l from tnink- 
liiie operation,'. Moreover, it is difHeult 
to visualize just what Ls uieaut liy a 
‘•system." I’erliaps .symleiti was used 
here to de-'crihe the operating limita- 
tions for a feialer airline as a whole or 
in .on attempt lo delimit the ptiysieal 
niva to In- eovered by a single ti'eder, 
Tite two detinilious cited ais* pretty 
rigid. Le.ss rigid is one suggested hy 
Rohert J. Fritchard — that "a feeder 
line is a line which comieets enminuiii- 
ties oft the main line witii tlie main line, 
and by so doing feeiU into ilie inajor 
arteiy the mail, exj>ress, and passen- 
gers that originate in Ihe hinlerliiml or 
outlying regions.” Another mi>ri‘ libei'al 
definition wa.s limt of Keith ICable 
who, ill 11141, .suggested the following: 
“A feeder service i.s a sliort air route 
operation which g'ivos airinail, passen- 
ger, ami e.xpri*ss service, or uii-niail aurl 
express sorvic-i‘, to cities jmd towns not 
now enjoying si'liedulcil trunk line scr- 


AIR TRANSPORT 


The fii-st hvo definitions quoted — 
those of Mr. Cole and Airline Feeder 
Sy.sleiii — iqipear to In: too rigid, while 
those of Messrs. Pritchard and Kaido 
would seem too general. TVhcliier oc 
not the type of nir carrier service per- 
formed is Ilf the nature of feeder or 
Iriiiik line operations .should eertaiuly 
not he determined on the sole basis of 
long or short haul, though distance be- 
tween stop- is a factor to be considered. 
Nor sliould the fact that a city or town 
U or is uot sened by a trunk airline 
he a logical erilciion for deteniiiiiiiig 
the type of service offered. 

Since none of these definitions are 
felt to present, in theiiiscives, an ade- 
qiuitc stnlement of what a fi-eder airline 
will be, the nature of feeder airline 
operatious, os they seem to fit int<i the 
picture, might well be compared willi 
lliosc of tile trunk lines. At least, any 
(7'urii III piifff 378) 


Spacial aqifipineat for feeder tine operelien ivill un. eonverlcd tram war cratl siirli as this Fairehiid AT.| I 

diiohiedly be developed a- ibis lypt- of opcraiieii gro«-, 3'oiilec lliimlh' anw being emidoyed he the military .i. 

Its eorly groUlh. however, may >cp widespread a-e of planes bomber' ri'ew li*. liner. 
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NEWEST TROOPSHIP 


Originally designed to whisk 55 pas- 
sengers from coast-to-coast, non-stop 
in 9 ^At hours, this amazing Lockheed 
"Constellation” now is the World’s 
fastest troop carrier. After the war, 
these Constellations will be TWA’s 
coast-to-coast luxury liners. 

Not only TWA but many other 
important airlines enjoy safer, more 
economical performance through 
the use of Texaco AJrcrait En£ine 
Oil end Aviation Gasoline. In fact . . . 

More revenue airline miles in the 
U. S. are flown with Texaco than 


with any other brand. 

THEY PREFER TEXACO 

proved that they are definitely pre- 
ferred in many other important 


the panel. 


gladly cooperate in the selection of 


able at leading airports in the 48 


distributing point, or write The 
135 East 42nd St, New York, N. Y. 



'^I^M’TEXACO Lubricants and Fnnls 

I FOR THE AVIATION INDUSTRY 
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MAINTENANCE 
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LOUIS ALLIS 





For over 40 years we have been developing 
special motors for speciol jobs — working 
with the designing engineers of many of the 
nation’s leading mochinery manufocturers 
— helping make good machinery better. 


No matter what your electric motor problem 
or requirement may be, we invite your 
inquiry — and assure you that your needs 
will receive our prompt and careful attention 
in every way. 


The motor illustrated is our TOTALLY ENCLOSED 
FAN COOLED Dust Proof motor — which is 
available in a wide range of electrical and 
mechanical modHlcalions. 


THE LOUIS ALLIS CO., MILWAUKEE, WISCONSIN 



liiicutal, tliey moved ou to variouii 
.Vrmy and Xavy overhaul depots in order 
t.i get till' full benelit of “ou the ispol” 
espcrieuee in military procedures and 
methods necessary to euginc overhaul, 

While the group was spending its time 
in school being "re-educated,’’ we were 
busy in Miami preparing to set up our 
iirerhaul facilities. 

Then M-e hit minther ^tmle well. We 


had placed order's with various uiunu- 
faeturers for the necessary equipment, 
and now the replies began to come iu. 
In tlic majority of cases, coinmuuications 
road: “Wo exceedingly rogret that we 
will be unable to fill yonr order.” 

There were only two answers. Either 
the whole project would have to be 
abandoned, or wc would have to become 
(Turn to p„gc 3fi3) 


This infre-red drying even, designed and 


Men employed on final assembly line are 
under direction of Charles Pelton, who draws 






How Heaters are Hade 
For Americanos Flagships 




Seme original methods and fools 
for bending and welding of steel 
tubing ore shewn at work in the 
manufacture of the airline's flash- 
tube boiler. 


A t IKQKNIIIC'S PKOl'KSS nf POIlstl UC-fioil 

stands In-iiiiid Ihe nii-plimo IkiIIcti 
dpsigned by Aiiipncan Airlitips’ engi- 
neers, Respoiisilde fur its nuinufac- 
ture is Weld Sliop t'oreinati Martin 
“Tiny” Bulger, whn is n Linoolti Fimn- 
dntion an'or<l winiu'r. 

As pan be seen In Ihe bnckgrouiid nt' 
Pig. I. eiitU boiler consists of three dif- 
ferent sized loops of tubing of tlii-ce 
rows each, extending in opposite direc- 
tions, making a total o£ 18 pieces of 
tnbe, whose ends arc arc welded into 
two drilled header plates, 

To follow the process from the be- 
ginning, we start with straight sections 
of stainless steel tubing which come cut 
in standard lengths of 16, 18, and 25 in. 
It is necessary that it be supplied in 
short lengths because every piece must 
be inspected for die marks on the in- 
side. Even when very slight, these 
longitudinal lines will cause the tube 
to split after 25 to 50 hr. of service nt 
the high temperatures to which it is 
subjected. 

FI9. 3. Cutting jig, designed for abrasive 
circular cut power saw. cutting at proper 
length and angle so that tuba ends will fit 
flush with surface ol end plate. Three sizes 
aceommodaied. 
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Fig. 5. Welding the ends. FiMiire prevents buckling of idai.- a- well 
it is made in two longitudinal spclinns with niah' piiiv and fnmain re 
bv clamp- Note renter siippnil, diteclb oxer head nf rlsjiip. inilliiig >0 
to xxeld strain. Cooling straightens itradet plate viien jig is icmuvi 


i- iiolding assembly. Fig. 6. Testing for teaks. Ttnlh ends a 

*iMT‘. hehl logplhct -ra'cil In lm\rs and inhhrr pads. Top Ir 

lit) on plain o|i|iosilr plair <'t)i|.i-i- of a l>o\ xxith an air roitiiu 



lioiiom. 






Fig. 7 , Welding flonga and cellar for 

aic welding is u-rd lliroiiglioiii, with .'^i; 


The straight sections must be bent to 
three different curves, which is efficiently 
done ill a tube bending jig of Bulger's 
design (shown in Figs. 1 and 2). It 
is mode up of changeable parts which 
lit in various conibiniitions to n drilled 
and slotted bed plate. Two detacbnldc 
bundles bolt at one of several centei’s 
through three sizes ol "pnlley" wheel. 
These provide the tliree riidii of curve, 
;ind arc grooved exiietly to lit iho tuiic- 
•h straight luatiug sccliim, wliieli rolls 
on a holt through n hc.Tiiiig, bends the 
lulling about the center ns the handle 
i- swung iirmind. The lulling is com- 


Fig, t. Flange ond sailor have been wrldrd 
10 simip which is cuinpiisrJ ol a inelal alainp- 
ing. Sump ia being welded to end plale. 
Shell MclioDS appear at left, finished boiler 
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WORTHINGTON 

A r R F I E L D 

"GRASS BUTZER" 


Keeps Airfields in Cendilion le "Keep ’em 

Experts advise at least 10-15 cuttings a season (depc; 
location and weather) are required for development of t 
conditions, and this is important because thick, dense tu 


Keeps down dust which is a cause 
of too frequent plane motor tear- 
downs and parts replacements. 


Absorbs rainfall, preventing 
muddy areas and the donger of 
serious skids. 


Worthington was the first to study the new problem of turf 
and has developed tlie largest capacity turf cutting apparatus 
A tractor pulling a 9-gang Mower cutting a swath 
cut 35 acres pet hour - - a grass cutting capacity over three 
tractor and gang mower combination now available, 


feet 
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• Pot inspcotion of DC-3 tail as- 
semblies, this stand can also be 
used for work on wing leading edge 
and fuselage. It can bo disassem- 
bled for easy shipment by discon- 
necting the legs just below fourth 
step. 'Wbeii in position it aan be 
lockod by brakes on casters. 


AVIATION’S 

- MAINTENANC E 

NOTEBOOK 


• Designed ami Imill l>y .Ju.'epli I'lilnito, eliief of 
I’.au American's Sew Vork in^liiiiuciit repair sltop, 
lliis device used to clieck nml regulate uetants is sen- 
sitive to a few .setoiids of ate. Miulc iurifcly of spare 
parts, it uses the tube and leux of an old diift meter, 
lias a disk with a pin hole at center placed at infinity 
point of lens, with a small light bulb in back to 
I'm-nisli sighting “star”. Tube is mounted on a hear- 

llitiii i’> deg., with surveyor's spirit level on top to 
elieck for 0, Quadrant and vernier adjustment of a 
spare sextant are btdled to side of luite, witli mmther 
smaller surveyor’s spirit level for setting at the liovi- 
/oiitiil. IVitli liilie at any given angle, reading of 
ocliint taken by siglitiug tlii'ongli lube at “star" is 
elieeked against reading on master sexttint. Bear- 
and braeket liutl to bi' iiiadc and levels were 
tor about $20 each, tolni cost being well 
$100. Sextant parts are Indted tlirougli ori- 
still be asseiuliled and used. This 
used to illustrate exaiu|ik's in aviga- 

sclinni. 
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Our Field Is To Guard Production From 



SELF SABOTAGE 


In tha tense stniggle for volume 
production, the completed plane, tank 
or machine can be effectively sabotaged 
by one uninspected end defective part. 
At that moment, which can occur disat- 
Uouely In the heat of battle, production 
defeats itself. 

Magnaflux Corporation, originators of 
Inspection methods to Indicate probable 

nizes this as a broad field of research. 
In addition to magnetic particle indica- 
tions by basic Magnaflux methods, many 
refinements of technique and equipment 
have been developed. The recently an- 

MAGNAFLUX i 

S908 Northwest 
NEW YORK PETROIT 


which heightens the visibility of indi- 
cations is an outstanding example. 

By constant exploration of their selected 
field Magnaflux engineers recently 
added, in Zyglo, a method for revealing 
surface discontinuities on non-magnetic 
metals, plastics and ceramics. 

Your company will find in Magnallux 
Corporation, more then a manufacturing 
and service organization-a solidly- 
grounded research staff seeking the ful- 
lest benefits within the field of produc- 
tion line inspection. 

lORPORATION 

lighway, Chicago 

LOS ANGELES • DALLAS 
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Qisas.'ieinoica, wita uony iraiiie swung aown ana 
crankshaft vertical. Xewl}' overhauled engines are 
also installed on engine mount and dolly in this posi- 
tion. After securing exhaust collector ring, engine 
and mount are swung up so that crauksliaCt is hori- 
zontal, as in second view (above) where instiillulion 
of plumbing and ncccs-inip.s is easily accompli.slied. 
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The 


elliptical oil cooler 

"that couldn’t be built” 


An elliptical-shape oil 
cooler would provide 
greater freedom in design- 
ing. Space could be saved . . . weight 
cut . . . cooling efficiency increased! 

Such advantages have long been 
known and hoped for. BUT — oil 
coolers must withstand terrific pres- 


sure. and it was thought elliptical 
construction couldn't lake it. 

AiResearch engineers, continually 
at work on the ‘‘impo.ssible." tackled 
this problem. To lick it. they devel- 
oped a special method of pressure- 
.siressing . . . put the new oil cooler 
through score-s of tests. 


And could it take it! Passing the 
final, rigid Army 50.000 cycle steam 
lest, the AiResearch design met all 
structural requirements. 

Result ; the oil cooler “that couldn't 
be huill”is nowin volume production. 
Today America's warplanes fly with 
AiResearch Elliptical Oil Coolers. 

Tills new design makes possible the 
installation of oil coolers in more 
convenient places. Eliminates waste 
space. Provides greater cooling effi- 
ciency. Only one valve and oil line 
is needed — simplifying installation, 
saving weight. 

AiResearch Elliptical Oil Coolers 
are offered to all U.S. aircraft man- 
ufacturers, A number of sizes are 
available. If you are working on new 
designs, inquiries are invited. 






.>ln»<er Tnehomeler Text KiuimI hi TW.t 

• For testing a-, many n.s four tachouieler generators iinti iiidi- 
eators at the suinc time, TWA has assembled this unit, eousisting 
of a variable speed drive motor coupled to a manifold with several 
nutlets, a stroboscope, master tachometer and generator, and four 
i-eceivevs for units to be tested. Operation is as follows: Drive 
motor i' set at desired speed, legistcred by master indicator. 
Stroboscope boused iu drum is then out in, gniilcd by approximate 
speed indicator in front of regulator handle. When on speed 
desired, stroboscope indicates rptn. 'villiiu plus or minua 1, so 
that units under lest cun be set to an exact and infallible stand- 
ard. Tachometer generators are plugged in, as shown, on front 
of panel, with indicators above. Master dial is at top. Direction 
of rotation of imit con be reversed, ns well ns indication of 
master tachometer, so that all types of tachometers can be 
handled. Also included is an a.o. voltmeter and selector s^vitch 
to cheek the delta voltages of the a.c. generators under test. 
TWA reports considerable time saved in overhanh 



• This device, designed and built by United Air Lines, 
tests spark plugs under pressure. When handle is 
raised, assisted by counterweights, a plug is set in 
the center chamber, which has on electric terminal. 
With handle firmly closed, air pressure up to 160 psL 
is applied, as shown on gage. Current from an air- 
craft magneto operating at about 1,900 rpm. fires 
the spark plug, which must operate eontinnously for 
a fall minute to he approved. 
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V^ll help protect 



him, Mrs. Smith ! 

— but we’ll need the full cooperation of 
every steel fabricating plant to do it 


Mrs. Smith — or maybe you're Mrs. Kelly or Cohen or 
Janhou'sky — it makes no difference, because each of you 
has a boy in the armed forces of our country. 

Is he on Guadalcanal, in North Africa, in Australia, 
in Iceland, Mrs. Smith? That's where our boys are, too. 
You see, thousands hat e gone from the mills, mines and 
offices of the steel industry {more than 11,000 from 
Republic alone). Thousands more in service are sons or 
brothers of steel workers. 


So maybe your boy, in a sense, is our boy. But does it 
matter? K'e want ail of them to come home victorious 
— and safe — just as soon as possible. 

And that, Smith, is u-bere tie, the steel industry, 

can help — by furnishing enough of the strong, tough 
alloy steels needed to produce the best, the safest fighting 
tools in the world for your boy. But — to do so, WE 
MUST HAVE THE FULL COOPERATIOn'of 
EVERY STEEL FABRICATING PLANT. 


Fabricators MUST segregate Alloy Steel Scraps or schedules may COLLAPSE! 


Alloy steels cannot be made without nickel, chromium, 
molybdenum or other critical allo) ing elements. And 
such materials ace scarce— growing scarcer everj- day, 
There just isn’t enough to go around now. So what 
about the future? 

Here’s what! We must reclaim every possible ounce 
of alloy from steel scrap. 

Every time you machine alloy steels, substantial 
quantities of alloying elements go into the scrap pile, 
But unless you keep each lot of alloy steel chips, turn- 
ings, shearings and other scrap separate— segregated at 
the machine and correctly labeled with its grade 
number (SAE, AISI, NE or other), the maximum 
value of those alloys may be wasted, even lost. 


To charge scrap of unknown alloy content 
furnace may mean possible loss or waste of 
the alloys— possible ruin of that heat of steel 
—certainly, disruption of melting schedules. 
On the other hand, the only way we can deter- 
mine the alloy content of mixed, unmarked 


3 the 


scrap is by melting it down and pouring it into 
ingots, wasting the time of furnaces and skilled 
crews which should be producing usable steel. 
Chemists and metallurgists must take time to analyze 
the ingots to determine what and how much alloys 
they contain. Finally, the scrap ingots must be 
remelied again when the desired analysis is being 
produced. That is waste of materials, manpower, 

We know you're busy— that you face many problems 
-BUT THIS IS EQUALLY IMPORT ANT-and 
can be taken care of in a hurry. Just cake a few minutes 
right now to issue an order to your plant to segregate 
alloy steel scrap, mark it correctly and return it 
promptly. While you’re at it, make some one 
responsible for checking at least once a week to 
see that your order is being carried out. 
— . You'll help protect Mrs. Smith's son— 

maybe youc own .son— and, incidentally, the 
nerican System of Free Enterprise which 
ide your business possible. 



This Advertisement Sponsored by 

REPUBLIC STEEL CORPORATION 

Alloy Steel Division Sales Offices: Massillon, Ohio • General Offices: Cleveland, Ohio 

Berger Menu fiiciuring UivUiun - Culvert Division ■ NiU-s Steel PruJucts Division • Steel nnJ Tubes Division 
Union Drawn Steel Division • Truscon Steel Company • Export Department: Clicysler HuililinK. New York, New York 

In Cooperation with the U. S. Government's Salvage Campaign 



REPUBLIC AVIATION 

Air Mastery through ENGiHSERiNG Exceiience 


MASSED MIGHT 

Prodigious in heft and brawn, supreme in 
speed and punch, squadrons of 2,000-h.p. 
Republic P-47 Thunderbolts excel in sheer de- 
structive power. No altitude is too great, no 
enemy too fast or too strong, for these stalwart 
fighting units of the U. S. Army Air Forces 
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Designing Gnn Turrets as 
Integral Part of Aircraft 

!*art II 

By L. G. FRISE 


MILITARY 



Defailed drowin9$ reveal solution of many problems encountered in 
later development sta9es of Bristol power-operated turrets. 


C ONTINUOUS RESKAiirn at llic Bristol 
Aeroplane Co. has brought the 
structural weighfi of its aircraft ilowii 
iiinong the lou'ost in the irorltl. Ami the 
>nme holds true with (ho compaiiy's 
power-operated gun tuirels. 

ThU lightness in tuvret« IIS'; beeu 


achieved hy Iraving out, iiisteari of carv- 
ing out — a vital factor in reducing man- 
lioure r«|uiied per luivet. The simple.st 
engineering metkoda are used wilhont re- 
course to precision work. 

As a consec]ueuce, wheu large-scale 
proiliictioii stiirtpr! it was possihlo to 


nmke use of sulieoiitractoi's familiar only 
witli geuerui work. Tims, at tlie critical 
i>crio(l wlieii BUahsim bombei's were 
.ciiiashiug at the Nazis’ invasion jireparn- 
tioiis, laiire production was well ahead 
without necessity of awaiting llie Iniihl- 
iiig u]) of specialized capneity, 

I’reseuted lierewith are some of the 
design solutions achieved in power tur- 
rets, both prior to atid subsequent to 
that critical period. See figures above 
.nnd those on following pages. 
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^^5 ® Every one of us at Thomas & 
Betts was honored recently to 
receive the Army and Navy "E” Award 
lor outstanding production of War 
materials. 

As a company we are proud to fly the 
flag. As individuals we are proud to 
wear and treasure the "E” lapel pins. 

We feel an even greater honor. That 
is, the privilege of making unspectacu- 
lar but essential electrical fittings for 
the War machinery used by our fight- 
ing men on land and sea and in the 
air. Our supreme honor is the oppor- 
tunity to help our armed forces win 
the War. 

And so we cannot rest on our laurels. 
To us the Army and Navy "E” Award 
says: "So far, so good; but go farther 
and do better.” 


OUR ENTIRE PERSONNEL 



THE THOMAS &• BETTS CO. 

IM'IIKI'IIIIATED 

iMANUFAnTUHEUS OF ElEnTUIfrAl FITTINBS SINCE IH9'J 
tllZAIIETH, ^E\\ JEIIKIV 
In t:Riin<l.i, Thomas S Uptli iNl. .MonlTOal 


mka 

\anm 


^ There’s Stami 
and Peittormane 

with 

McQUAY-NORRIS 

ALTINIZED 

PISTON RINGS 

PISTONS.. PINS.. 
i HARDENED & GROUND PAR1t^ 

McQuay-Norris, a pioneer iiianufaeturer of parts in 
automotive field, is devoting itself in increasing 
asure to the aviation industry. Our Aircraft 
^pP^ion projects the McQuay-Norris policy of 
clinical research into this important field with the 
result that we are continually adding to available 


^McQui 
ihe aul 
iiwasu 


PARTS FOR 
AIRCRAFT ENGINES 
Piston Rings 
'Olt^ealing Rings 
Suparmi^ger Rings 
Corbuni^ Paris 
MachiMd Aiumwm Pistons 
Piston Pins\ 

CounlorweighI Cmek Pins 
Machined Magnosfum Parts 
Cylinder Held Down Nuts 
Hardened and Ground Ports 




PARTS 

PROPEllER^AiSEMBlY 
Machined Magnesium Parts 


2 invited. 



Your inquiries a 

PRECISION WORKERS IN IRON, STEEL, ALUMINUM, BRONZE, MAGNESIUM 
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Easy does it 


One of the most important jobs at Boeing 
is making other Boeing jobs easier . . . 
simplifying procedures so that, despite 
shortages of skilled workers, production 
constantly goes upward. 

Above is pictured an example of this 
easy-does-it manufacturing philosophy— 
a simple device, but it illustrates the 
point: the Boeing-developed wheel- 
installation dolly, by means of which one 
worker slips quarter-ton wheels onto the 
axles of Boeing Flying Fortresses.' The 
wheel, held firmly on the dolly by 
adjustable aims, is rolled into position 


on casters. Once the wheel is slipped 
over the landing-gear axle, the arms of 
the dolly are moved back . . . and the 
job is done. 

This is but a ample example, and 
only one among hundreds, of the con- 
stant effort in Boeing plants Cat Seattle 
and Renton, Washington, Wichita, Kan- 
sas, and Vancouver, B. C.) to achiet e 
maximum production efficiency \rith a 
minimum of human exertion, through 
improved tools and handling equipment 
... an effort which has contributed to 
the highest otilpul per man, wachine 


end unit of plant space, among all man- 
ufacturers of aircraft. 

Coordinated with Boeing know-how 
in research, design and more than 
twenty-five different engineering fields, 
this manufacturing skill has made 
Boeing-designed and Boeing-built Flying 
Fortresses tenou-ned not only for ipiality 
but for quaiilily. 

And in the peacetime to come, these 
sofne skills mil make the phrase "Biiill 
by Boeing” n hall-mark of skilfully de- 
signed, sotindly engineered, efflcienlly 
manufactured products. 


DISIONiRS OF THE FLYING FORTRISS • THE STEATOLIHEI) • FAN AMERICAN ClIPFERS BOEING 





Yank Modification Center 
nises in England 


By MYLES V. CAVE. Aritians I'itM 

First st«ry on operation of wartime "Little America" where changes 
dictated by latest battle experience are made on AAF warplanes by 
Lockheed Aircraft subsidiary. 


C CATKu ill au isolaleil pari uf the 
British lalcfi is a new niomiineiit to 
ihe constantly growing Ainerican war 
cifort. This project, started less than a 
year ago on an open site by a subsidiary 
of Lockheed Aircraft Corp., now flour- 
ishes as the virile, far-reaching orgau- 
iaation of Lockheed Overseas Corp., one 
of the largest aircraft iiiodiScation cen- 
ters outside the cunliiiPntal United 
States. 

With direct Army c.-oiitrai'ts, Lockheed 
Overseas has developed a large base, 
part of which ia sliared by Army Air 
Forces units, and in this short period 
has built a large airport, complete with 
a network of runways, vast hangars, 
machine and repair shops, and enormous 
spare parts storage facilities to handle 
work on practically every type of air- 
craft, Here, changes are swiftly made 
ou American flghters. bombers, ami 
iransporta to conform to latest opcin- 
lional experience needs. 

,Vn idea of tbe extent of tbc pro.jecl 
and the amount of c<|iiipment handled 
can be gained from the wide variety of 
types seen on the field— Boeing B-17 
yiping Fortreises, Consolidated B-24 
lAberalors, Lockheed P-38 Lighlrtings. 
A-30 Bud/tone, B-34 FentienM. Bonglae 


A-2U Baslons, C-47 Skijlraina. Beech- 
craft persounci carriers, and tbe ubiqui- 
tous Fairchild trainer. 

On behalf of ihe Army, Lockheed 
Overseas handles any njodifleations and 
alterations the Air Forces may require, 
Tram an increase in ammunition capac- 
ity to extra long range gas tanks for 
-pccial missions. In addition, a well 
equipped research department is con- 
stantly at work to improve performance, 
lire power, and bomb capacity of war- 
plancs. During a recent visit to the 
bsse tbe writer saw, for example, one 
of America’s outstanding long range 
fighters getting increased fire power and 
performance called for following perti- 
nent experience gained in the North 
.Vfrican campaign. 

Gen, Mgr, Henry Ogden divides his 
lime between actual supervision at tbc 
base and close liaison with Air Forces 
headquarters, the latter job helping to 
keep him abreast of iulest Army re- 
i|uiremenls, enabling liiin to plan aliead 
and keep ontpiil at the base ahead of 
schedule, 

During a three day stay at tbe base, 
the writer was given an opportunity to 
me every department and leam the 
fnnetional set-up of tbc organization 


as well as to uxaiuina all tbc equipment. 
Kxcept for labor, which is partly local, 
the base is staffed by hundredB of Lock- 
heed technicians, most of whom have 
come direct from the home plant in the 
United States. Much of tbe time dur- 
ing the visit to tbe base was spent oov- 
ering miles on fine concrete roads con- 
necting the various units of which it is 
comprised — but there was also some 
lime spent in thick gtmibo mud. 

Presence of tbe mud does not imply 
slow progress. Kalher it indicates the 
rapid development, for the speed of 
building outpaces road-making capac- 
ity. This, despite the fact that latest- 
model American road building equip- 
ment is in use. 

When tbe road buildiug program 
catches up, this base will be tbe biggest 
“Little America” in Europe and, with- 
out doubt, one of the war’s most original 
American enterprises. The writer spent 
some 24 far. attempting to spot even a 
small item of equipment that did not 
come from the United States. As for 
non-American aircraft, curiously enough 
he saw only one — a British Oxford 
used for transportation. 

The superintendent of engineering, 
.James Boyce, and his staff handle each 
|.n-ol)lem iiidividuaily, from design draft- 
ing to llic final workout of the scheme 
iu lliglit. Mr. Boyce — being as short 
'Inffed as almost everyone else in tb>- 
aircraft industry — lias no time for 
'pecialista and technicians as such; his 
men must be able to handle everything 
on a plane. The department doe.s, how 
(r«r>» l« page 410) 
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Gets into 



Look ac that O.D., an<J you’ll 
know why Ap*x stud setters get into 
hard-to-reach places with such ease 
and precision — even in the hands of 
semi-skilled workers. These simple, 
trim, clean-cut stud setters have small 
body diameters for their capacities. 
They are extremely easy to adjust for 
length of thread on stud and maintain 
propet adjustment in service. Simple 


design plus ample ruggedness and 
toughness make them line tools for 
either hand or power applications. 
Four diflecent sizes will sec scuds up 
to 1^4". You can get them with Morse 
taper, hexagon, T-handle and male or 
female square drive shanks, or combi- 
nation T-handle with female square 
for use with a torque wrench. Write 
for Bulletin No. 101 for all the facts. 


Apex 

THE APEX MACHINE & TOOL CO.. DAYTON. OHIO 
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Hmntf LIGHTS 
CAN'T BE 0eaflJ! 


The iansruasre of lights provides 
silent and soie communication from plane to 
plane, and ground to pleme on our flying fronts. 
Beams of light, flash-coded recognition and sig- 
nal messages guide pilots to safe landings, 
instruct flight squadrons safely and surely. Such 
messages are safe from enemy interpretation. 


They're CRIMES lights — another 
example of specialized research and develop- 
ment to help protect and aid those brave flyers 
on our fighting fronts. 


Giimes Manufacturing Company, Vrbana, Ohio 






i.\, liny, 



^e(vet«uc^ '^efrendaJ&ijUt^ 

OK TWO FRONTS 


VELVETOUCK Friction Materials are doing an outstanding job in many 
applications on America's combat planes, notably in landing brakes 
and in the clutches on engine superchorgers, gun turret mechanisms 
and wing flap controls. On the home front, too, this miracle of powder 
metallurgy has proven its dependability in all fields where conditions 
are unusually severe ■ ■ . in earth moving equipment, in marine and^ 
industrial machinery, in oil well and coal mining equipment, in trucks, 
busses and agricultural implements. On land and in the air. 
VELVETOUCH is setting new high standards lor smooth, positive 
operation of clutches and brakes. 






]li!lvp.Tniir.h 

THE S.K.WELLMA1V CO. 

PIONEERS IN PUTTING POWDER METALLURGY T< 





“Mosquito” Design 
Facilitates Production 

By JAMES MONTAGNES, Co^odta/. Cor.»pon<f«n> 

With plywood fuselage constructed in lengthwise halves, control and 
wiring installations are simplified. De Havllland Aircraft of Canada 
uses Packard-built engines in producing these formidable eraff. 


DEaiGNIKa [he now-fsmed Mosquito 
1 bomber, de HaTilUnd engineers con- 
.?idered ease of production as well as 
nerodynnmifl efficiency, as is evidenced 
by tbe rate of production by de Hnvil- 
land Aircraft of Canada alone. 

First step in creating the plane is 
construction of the fuselage in Iciiglh- 
vise halves, which are liiiilt up rf ply 


wood sheel.> laid over a concrete form. 
Shaping of llie sheets is achieved by 
bending them into place on the form 
and holding liiem by means of tacks 
driven into wood strips set into tbe 
concrete. Using a special pl.astio bond- 
ing agent, the fuselage is built up to 
proper thickness, the bonding agent 
lii'ing dried by n battery of 2;>f> infrn- 


ri'1.1 lamp.',. One of the largest such bat- 
Irries in Canada, the infr.a-red unit was 
designed e.speeially for Mosquito pro- 

Other slructnra! sections of the 
liiscisge, such as the Sve main bnlk- 
licnils, are tiuilt up from smaller pieces 
ot wood, tvhieh are eut, bent, and 
liimded on molds before being bonded 
^1' an integral part of the fnselage of 
the Mosquito. 

This work is done in nno plant, the 
halves then licing shipped to the eom- 
puny's main plant outside Toronto. 
Here the two halves are set up in fix- 
tures and all possible wiring and con- 
trol installations made. This system 
eliminates tbe necessity of employees 
working in cramped space, thus speed- 
ing prodoclion considerably. When the 
two halves of the fuselage have been 
fitted and bonded into one unit, the 
whole is fabric covered. 

Moved then to the final aaeemhly 
area, it receives the empennage and ply- 
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One ef five tnejer bulkheads of Mesquife fuseloqe. Tliesr are built in halves as sub. 
sssciiililies, then jr>im-il lOKClliei lit I'lavlli' bumliuiu 


PInol Installation nf instruments and elec* 
trlcal units in no<e section of Mosquito. 
Ttsnsi'jienl nose section will be added only 
after lest, have Item made on bomb rack 
ami hoTiili bay door operations. Access lu 
plane is via collapsiitle metal latlilet thi'OU£;li 
small bateU in floor, below hombardier* 
navigator's seat on right aide of plane. 

wood wing, the Intlcr willi binding gout- 
iilrendy nttaelied. 

Tlie nireniTt U Chen placed in jigi 
vvliicli keep it in flying position ns it 
moves througli the final assembly aron 
where engines, nacelles, bomb racks end 
doors, instruments, self scaling fuel 
tanks, and other units, ore installed. 

The plastic cockpit cover is put in 
place after the armor-backed pilot's 


Detail ef enqine mount for one of two 
Packanf.built Rolls-Royce ,Werl/n 21’s wliich 
give Mosquito lop speed of approximately 
too mph., making it one of world'a fastest. 


nud bombardier- i-iidio (iperutor-iiaviga- 
tor's seats have been installed. The 
transparent plastic iiu-c is pul in place 
nl'ler the bombardier's iiistrmuents are 
all in and all euntwla fur operating 
bomb racks anil bninb rluors Inive been 
tested. 

Access to the plane is Ibrough a sinall 
hatch via a collapsible metal ladder. 
The bombardier's seat is to the pilot’s 
riglit so that the bombardier can drop 
down and lie full length over the hatch 
opening with the upper part of his 
body in the nn«o of the plane where the 
bomb sight is located. 

■When the J/o.tjutIo was flret put in 
production in Canada, some of the in- 
struments were made in England. Now, 
however, these are being replaced with 
Canadian and American bnilt units. 


some of whit'll have iei|iiived eoiisidev* 
•nlile modifie.ilion in the original eoek- 
pit laycmt aiul wiving. 

Canadian Iniilf .l/o»<ju/fo* are powered 
by I’ackard-liuill liolls-Itoyce A/rrli'ii 21 
engines developing l.^oO lip. 

lie] ansa iile sped Ilea I ions include ibe 
Colliiwing: S|iaii, 54 ft. 2 in.; Lciiglli, 
40 ft. 9 in.; lldglil, 1.5 ft. 3 in.; High 
speed (approx.), 400 mph.; Range 
(maximum), 2.000 mi.; Aniinmeiil (re- 
ported), four 20 mm. cannon nud four 
0.303 machine guns; Power, 2 Packard 
Rolls-Royce Merlin 21’s. 

Final assambiy area of de llsvilland Air- 
craft of Caoada's main plant producing 
Mosquito bombers. Employees at right in- 
stall exhaust flame dampers while those at 
left secure cockpit cover for crew of two: 
Pilot sad bomkardier.radiomau.navigalor. 






..the fractional h.p. field 
gained a new, but well- 
seasoned, dependable source 

New— because Oster electric motors, now doing their 
part as power units in vital war instruments and mechan- 
isms, had not previously been offered in the market. 

SEASONeO — because Oster has been building simi- 
lar motors for 15 years, exclusively as original equipment 
for its own appliances. 

9SPEMVA8LE — because Oster’s peacetime require- 
ments have always called for 
the very qualities which are 
essential in war applications: 
Light weight, maximum power 
in minimum space, precision 
manufacture, ability to stand 
up under abuse. 

★ 

JOHN OSTER MFC. CO. of Illinois 
GENOA, IlllNOIS 


lATtON. M«y. 



to help you : 


to help you serve 
America with 


c4i(yre airora ^. . . soarter/ 


Here is proved ability to produce aircraft wing spars, wings, fins, flaps, rudders, stabilizers, 
pilot seats— indeed nearly any structural section— quickly and in volume. 

More than two vears of war produciion . . . more than fifty years of fine craftsmanship in 
wood and metal . , . assure a seasoned approach to any production responsibility you may wish 
us to assume. 

American Seating Company offers the aircraft indu.stry: 
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